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INTRODUCTION 
By  W.  H.  Emmons 

The  natural  economic  assets  of  an  area,  such  as  its  soils,  clays,  build- 
ing stones,  iron  ores,  etc.,  all  bear  a  direct  relation  to  the  geological  fea- 
tures of  that  area,  and  a  rational  discussion  of  such  assets  must  give 
due  importance  to  the  geological  history  and  environment  of  the  area 
which  contains  them.  The  last,  and,  therefore,  from  the  standpoint  of 
the  soils  and  surface  features  of  the  country  the  most  important,  great 
geological  event  that  has  affected  this  area  is  the  invasion  of  sheets 
of  ice  that  moved  southward  from  the  Canadian  highlands  carrying  with 
them  rocky  material  which  they  had  gathered  in  the  north.  When  the 
ice  melted  it  left  large  quantities  of  rock  and  soil  and  in  the  area  here 
described  this  material  nearly  everywhere  now  forms  the  surface. 

The  last  great  ice  sheet  that  covered  this  area  melted  very  slowly 
and  the  southern  part  was  melted  long  before  the  northern  part.  The 
ice  that  still  remained  in  the  north  formed  a  great  dam  which  held  back 
the  drainage  of  the  Red  River  Basin  and  formed  a  large  lake  which  is 
called  the  glacial  Lake  Agassiz.  This  lake  overflowed  southward  through 
the  Minnesota  River  and  into  the  Mississippi.  These  conditions  en- 
dured through  a  long  period  and  this  lake  was  partly  filled  with  material 
that  washed  into  it  and  its  bottom  was  washed  and  smoothed  over  by 
waves  and  shore  currents.  Later,  when  at  the  north  the  ice  dam  melted, 
the  lake  was  drained  to  the  north,  and  its  bottom  now  forms  one  of  the 
largest  and  richest  agricultural  regions  of  the  world.  This  lake  was 
drained  very  gradually,  however,  its  level  remaining  stationary  through 
considerable  periods  so  that  gravel  beaches  were  formed  here  and  there 
along  its  shores.  These  gravel  beaches  supply  material  for  roads  and 
they  furnish  also  attractive  building  sites  for  farmhouses  and  barns. 

After  the  ice  had  melted,  large  swamps  and  marshes  occupied  poorly 
drained  portions  of  the  region  and  many  of  them  remain  to  the  present 
day.  The  drainage  and  reclamation  of  these  lands  is  one  of  the  most  im- 
portant problems  of  this  region. 

The  great  productivity  of  Minnesota  soils  is  due,  not  only  to  their 
recent  origin  by  reason  of  which  nearly  all  of  them  still  contain  the 
soluble  mineral  foods  for  plants,  but  also  to  a  very  favorable  climate. 
The  low  temperatures  which  frequently  prevail  during  certain  periods 
in  winter  make  for  healthful  conditions  for  animal  life  and  they  also 
benefit  plant  life.  The  rainfall,  though  not  excessively  great,  is  sufficient 
and,  since  most  of  it  occurs  during  the  growing  period,  drouths  are  rare 
and  crop  failures  almost  unknown  except  in  the  more  sandy  soils,  which 
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2  INTRODUCTION 

are,  however,  adapted  to  quick-growing  crops  like  potatoes.  As  shown 
herein,  the  length  of  the  crop-growing  season,  that  is,  the  time  between 
late  spring  frosts  and  early  autumn  frosts,  is  between  100  and  170  days 
for  all  excq>t  the  extreme  northeast  comer  of  the  State,  and  in  the 
southern  half  is  nearly  everywhere  above  130  days,  a  period  that  is  ample 
for  growing  the  highly  productive  crops  of  Indian  com.  The  long  days, 
high  proportion  of  sunshine,  and  the  moderate  humidity  are  all  favorable 
to  plant  growth. 

This  bulletin  is  a  preliminary  paper  which  treats  the  soils  of  only 
the  northwest  quarter  of  Minnesota.  It  will  be  followed  by  a  report  on 
the  entire  State,  the  field  work  for  which  will  soon  be  completed.  The 
work  has  been  done  in  accordance  with  the  agreement  for  coSperation 
between  the  United  States  Geological  Survey  and  the  Minnesota  Geo- 
logical Survey,  entered  into  March,  1912.  By  this  agreement  the  serv- 
ices of  Professor  Frank  Leverett  were  secured  for  surveying  the  sur- 
face formations  and  soils.  Mr.  Leverett  has  been  engaged  for  some 
twenty  years  in  studying  the  surface  geology  of  the  Great  Lakes  region 
and  because  of  his  large  experience  in  the  greater  area  he  is  particu- 
larly well  prepared  to  undertake  the  studies  in  Minnesota.  He  has  spent, 
moreover,  considerable  time  in  the  State  studying  its  physiography  in  con- 
nection with  the  preparation  of  a  monograph  for  the  United  States  Geo- 
logical Survey.  Since  the  reorganization  of  the  State  Survey,  the  salary 
of  Mr.  Leverett  has  been  met  by  the  United  States  Geological  Survey, 
while  the  greater  part  of  his  expenses  have  been  paid  by  the  State  Survey. 
The  State  Survey  has  provided  also  for  this  "work  the  services  and  ex- 
penses of  Professor  F.  W.  Sardeson,  who  has  assisted  in  this  work 
for  the  past  three  seasons.  For  brief  periods,  also,  the  State  has  sup- 
plied the  services  of  Arthur  H.  Elftman,  P.  R.  McMiller,  and  G.  R.  Mc- 
Dole.  We  wish  to  acknowledge  the  generous  assistance  of  the  Division 
of  Soils  of  the  Department  of  Agriculture  of  the  University  of  Minne- 
sota and  of  the  United  States  Bureau  of  Soils,  both  of  which  have  con- 
tributed unpublished  data.  The  valuable  contributions  to  the  knowledge 
of  the  surface  formations  of  Minnesota  by  the  Minnesota  Geological  and 
Natural  History  Survey,  under  the  direction  of  Professor  N.  H.  Win- 
chell,  particularly  those  of  Mr.  Warren  Upham  of  that  Survey,  have 
aided  greatly  in  the  preparation  of  this  report.  The  section  on  climatic 
conditions  in  Minnesota  has  been  generously  contributed  without  any 
cost  to  the  Survey  by  Mr.  U.  G.  Purssell,  Director  of  the  Minnesota  Sec- 
tion of  the  United  States  Weather  Bureau.  In  the  preparation  of  the 
maps  and  other  data  showing  dates  of  killing  frosts,  lengths  of  growing 
season,  rainfall,  etc.,  Professor  C.  J.  Posey  has  rendered  efficient  service. 

The  cost  of  prq>aration  of  this  report  has  been  met  by  the  Minne- 
sota Geological  Survey  and  the  United  States  Geological  Survey.    This 
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bulletin  is  printed  by  the  Minnesota  Geological  Survey.  Arrangements 
will  be  made  so  that  land  and  colonization  companies  can  secure  these 
reports  at  actual  cost  of  printing,  and  it  is  expected  that  this  arrange- 
ment will  secure  a  wide  distribution.  The  maps  are  not  intended  to  be 
used  as  a  basis  for  the  purchase  of  land ;  they  do  not  give  an  accurate 
description  of  each  forty-acre  tract  or  each  section,  but  they  show  the 
general  classification  of  the  land,  its  climate,  and  its  surroundings. 
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SURFACE  FORMATIONS  AND  AGRICULTURAL 

CONDITIONS  IN  NORTHWESTERN 

MINNESOTA 

By  Prank  Lbverbtt 

FIELD  WORK  AND  ACKNOWLEDGMENTS 

This  TtpoTt  treats  particularly  the  northwest  quarter  of  Minnesota, 
but  a  brief  general  description  of  the  surface  features  and  deposits  of 
the  entire  State  is  given  because  the  larger  area  makes  a  more  natural 
unit  for  purposes  of  description.  For  this  reason,  also,  Mr.  Purssell  has 
discussed  the  climate  of  the  entire  State.  In  this  report  no  attempt  is 
made  to  measure  the  crop-growing  capacity  of  any  class  of  soil,  or  the 
adaptation  of  certain  soils  to  particular  crops.  These  matters  fall  natur- 
ally to  the  Department  of  Farm  Management.  It  seems  pertinent,  how- 
ever, to  note  that  soils  which  are  classed  as  light  may  under  intelligent 
management  be  made  to  yield  returns  which  compare  favorably  with  the 
yield  from  heavier  soils.  The  sandy  areas  shown  on  the  map  which  ac- 
companies this  report  thus  afford  an  inviting  field  for  experimentation. 
The  drainage  and  utilization  of  the  great  swamps  constitute  another  large 
field  for  intelligent  operation. 

The  productiveness  of  a  soil  usually  has  some  relation  to  its  origin 
and  to  underground  conditions.  It  therefore  means  more  to  say  that  a 
given  soil  is  a  glacial  lake  clay  or  a  lake  sand  than  merely  to  call  it  a 
clayey  soil  or  a  sandy  soil.  If  formed  of  the  very  productive  wind- 
deposited  material  called  loess,  there  is  an  advantage  in  making  this 
appear  in  the  name  rather  than  merely  to  term  it  a  silt  loam.  So  also 
the  pebbly  clay  loams  and  pebbly  sandy  loam  of  the  glacial  deposits  may 
have  one  degree  of  productiveness  in  a  level  till  plain  and  quite  another 
in  a  hilly  moraine.  It  is  for  this  reason  that  pains  have  been  taken 
in  the  l^^nd  of  the  map  to  set  forth  the  geologic  as  well  as  the  soil 
names.  Another  reason  for  this  mapping  and  description  is  that  the 
method  of  the  work  is  genetic  rather  than  analytic.  It  deals  with  the 
origin  of  the  formations  in  larger  divisions  rather  than  with  the  physical 
conditions  section  by  section  and  area  by  area.  It  is  not  sufficiently  de- 
tailed to  justify  the  purchase  or  sale  of  the  land  from  an  examination 
of  the  map  alone.  It  gives,  however,  an  accurate  general  classification  of 
the  land  and  its  surroundings. 

The  field  work  of  this  report  on  Minnesota  was  begun  in  1906.  The 
writer  has  devoted  to  this  work  a  considerable  part  of  each  field  season 
to  1914,  except  1908.    Field  assistance  has  been  rendered  four  seasons 
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by  Frederick  W.  Sardeson  as  geologist,  and  one  season  each  by  Rollin  T. 
Chamberlin  and  Earl  R.  Preston  as  field  assistants.  Arthur  H.  Elft- 
man  furnished  valuable  information  and  accompanied  the  writer  for  a 
brief  period  in  1913  into  the  wild  portion  of  the  State  with  which  he 
was  especially  familiar  from  work  on  an  earlier  State  Survey.  Field 
conferences  have  been  held  also  with  members  of  the  United  States 
Bureau  of  Soils  and  of  the  State  Department  of  Agriculture.  The  map 
and  report  on  Pennington  G>unty  and  part  of  Polk  G>unty  here  pre- 
sented is  based  largely  upon  the  work  of  the  Bureau  of  Soils.  In  the 
preparation  of  thb  report  much  aid  has  been  derived  from  the  mono- 
graph on  the  glacial  Lake  Agassiz  by  Warren  Upham  and  from  the  re- 
ports of  counties  in  the  Final  Reports  of  the  Geological  and  Natural 
History  Survey  of  Minnesota.  Free  use  has  been  made  also  of  the  re- 
ports and  maps  of  the  State  Drainage  Commission. 
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CHAPTER  I 
TOPOGRAPHY  OF  MINNESOTA 

GENERAL  FEATURES  OF  THE  DRIFT 

Minnesota  presents  more  variety  in  surface  features  than  most  of 
the  North  Central  states,  though  a  great  part  of  it  has  a  level  or  gently 
undulating  surface.  The  flattest  portion  falls  largely  in  the  northwest 
quarter  of  the  State  and  was  once  the  bed  of  a  great  lake  known  as 
glacial  Lake  Agassiz,  held  in  on  the  north  by  a  sheet  of  ice  or  great 
glacier.  The  roughest  portion  is  in  the  northeast  quarter  which  is  trav- 
ersed by  volcanic  formations  and  adjacent  iron-bearing  ranges.  In  the 
southeast  part  along  the  borders  of  the  Mississippi  River  there  are  tribu- 
tary valleys  from  300  to  600  feet  deep  cut  in  horizontal  beds  of  sandstone 
and  limestone  of  that  district.  There  is  an  elevated  area  in  the  southwest 
part  rising  in  places  to  over  1,900  feet  above  sea  level,  but  it  has  a  rela- 
tively smooth  surface  because  the  inequalities  of  the  rock  surface  are 
concealed  under  a  great  deposit  of  drift.  The  interior  of  the  State  has 
features  due  entirely  to  the  ice,  or  great  glacier,  and  its  melting  waters. 
It  comprises  a  complex  system  of  undulating  to  hilly  moraines,  sandy 
outwash  plains,  and  clayey  till  plains,  whose  extent  and  distribution  bear 
definite  relation  to  the  melting  of  glaciers  that  overspread  the  region. 

At  and  beneath  the  border  of  the  ice,  systems  of  interlocking  ridges 
and  knolls  with  inclosed  basins  and  lakes,  were  formed  at  certain  definite 
lines  where  the  edge  of  the  ice  held  its  position  for  a  relatively  long 
time.  These  systems  are  the  moraines.  The  ice  border,  after  long  hold- 
ing its  position  at  one  of  these  moraines,  would  recede  somewhat  rapidly 
to  another  position  and  there  halt  long  enough  to  build  up  another  mo- 
raine and  so  on  step  by  step  until  the  ice  had  disappeared  from  the  State. 
On  the  outer  border  of  a  moraine  there  is  often  a  plain  of  sandy  gravel 
spread  out  as  an  outwash  by  waters  escaping  from  the  ice.  On  the 
inner  border  there  is  usually  a  clayey  plain  known  as  till  plain  which 
was  ice-covered  during  the  development  of  the  moraine. 

Large  areas  were  covered  by  lakes  as  the  ice  was  melting  away,  and 
thus  much  of  the  drift  has  been  lake-washed  and  rendered  somewhat 
smoother  than  the  unmodified  glacial  deposits.  Many  of  these  lakes  have 
disappeared  because  their  shallow  basins  have  been  filled  up. 

ALTITUDE 

In  Minnesota  altitudes  range  from  602  feet,  the  level  of  Lake  Su- 
perior, up  to  2,230  feet  on  high  knolls  in  western  Cook  County.    The 
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altitude  isi  only  620  feet  where  the  Mississippi  River  leaves  the  south- 
east comer  of  the  State,  and  is  750  feet  along  Red  River  in  the 
northwest  comer.  The  headwaters  of  the  Mississippi  and  the  Leaf 
Hills  farther  south  reach  1^50  feet.  The  average  altitude  of  the  State 
is  not  far  from  1,200  feet  and  a  large  part  of  it  stands  between  1,000 
and  1,500  feet  A  narrow  area  below  1,000  feet  covers  the  Red  River 
Valley  and  extends  from  it  into  the  Minnesota  Valley  and  expands  to 
considerable  width  in  the  eastem  part  of  the  State.  There  is  another 
narrow  strip  below  1,000  feet  on  the  border  of  Lake  Superior.  The 
chief  areas  above  1,500  feet  are  found  in  the  rocky  ranges  of  the  north- 
east part,  in  the  high  tract  from  the  head  of  the  Mississippi  to  the  Leaf 
Hills  in  the  westem  part,  and  in  the  plateau  southwestward  from  Coteau 
des  Prairies  in  the  southwest  part.  Only  a  few  square  miles  in  the  north- 
east^ part  rise  above  2,000  feet. 

RELIEF 

The  most  conspicuous  relief  is  found  in  the  ''Sawtooth  Range"  and 
other  prominent  ridges  that  closely  border  Lake  Superior  and  which 
rise  abmptly  from  500  to  900  feet  above  the  lake.  The  rock  ranges 
lying  back  from  the  shore,  though  more  elevated  than  those  fronting 
on  the  lake,  seldom  rise  more  than  from  200  to  300  feet  above  the 
swamps  and  lakes  among  them.  In  fact  several  of  the  lakes  of  Cook 
County  are  above  1,900  feet  or  within  300  feet  of  the  level  of  the  highest 
points  in  the  State.  The  most  prominent  part  of  the  Mesabi  Iron  Range 
in  St.  Louis  County  rises  from  400  to  450  feet  above  bordering  plains. 
The  Coteau  des  Prairies  rises  about  700  feet  above  the  plain  northeast 
of  its  border,  but  in  Minnesota  the  rise  is  usually  spread  over  a  space  of 
from  12  to  15  miles  or  more  in  width,  so  that  the  elevation  can  scarcely 
be  appreciated  by  one  crossing  over  it.  There  is  a  rather  rapid  rise 
of  from  300  to  500  feet  to  the  sharp  range  of  hills  in  Ottertail  and 
Becker  counties  from  the  Red  River  Valley.  This  rise  is  of  especial 
interest  since  it  seems  to  have  some  influence  on  the  rainfall,  the  precipi- 
tation being  greater  in  these  hills  where  air  currents  are  forced  upward 
and  cooled  than  in  the  bordering  lower  lands  to  the  north,  west,  and 
south. 

DRAINAGE 

The  drainage  of  Minnesota  is  widely  divergent,  part  of  it  leading 
to  the  Gulf  of  Mexico,  part  to  the  Gulf  of  St.  Lawrence,  and  part  to 
Hudson  Bay.  The  Gulf  of  Mexico  receives  about  57  per  cent,  the  St. 
Lawrence  less  than  9  per  cent,  and  Hudson  Bay  fully  34  per  cent  of 
the  drainage.  There  was  a  time,  however,  after  the  glacial  ice  had 
melted  from  Minnesota  but  was  still  occupying  the  northeast  part  of  the 
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Superior  Basin  and  neighboring  parts  of  Ontario  and  Manitoba,  when 
all  the  drainage  was  southward  to  the  Gulf  of  Mexico.  The  western 
Superior  Basin  then  overflowed  into  the  St  Croix  River,  while  the  Red 
River  Drainage  Basin,  largely  covered  by  Lake  Agassiz,  drained  south- 
ward through  Lakes  Traverse  and  B^;stone  into  the  Minnesota  Valley. 
The  drainage  to  the  south,  or  Gulf  of  Mexico,  has  generally  a  gentle 
descent,  and  waterfalls  are  rather  rare,  though  the  Mississippi  has  not- 
able falls  at  Minneapolis  and  there  are  one  or  more  falls  or  xupids  on 
several  of  the  tributaries.  The  drainage  to  Lake  Superior  is  generally 
rapid  and  nearly  every  stream  has  several  cascades.  There  is,  however, 
a  wide  area  of  the  upper  St  Louis  Basin  in  which  that  stream  and  its 
tributaries  have  relatively  gentle  descent  for  many  miles.  The  Hudson 
Bay  Drainage  has  a  few  rapids  and  waterfalls  in  the  headwater  part 
of  Rainy  River  and  its  tributaries,  but  Red  River  and  its  main  Minne- 
sota affluent  Red  Lake  River  hav«  no  falls  since  no  outcrops  of  solid 
rock  occur  along  thc^  There  is,  however,  very  rapid  descent  for  a  few 
miles  along  Red  Lake  River  and  its  tributary  Qearwater  River  in  Red 
Lake  County.  Red  River  is  subject  to  great  freshets  because  its  lower 
course  often  remains  frozen  after  the  southern  or  headwater  part  has 
broken  up.  Thus  ice  jams  are  formed  which  divert  the  waters  from  the 
channel  over  the  bordering  plain. 

LAKES 

Throughout  much  of  Minnesota,  except  the  northwest,  southwest, 
and  southeast  comers,  small  lakes  are  a  common  feature.  They  usually 
occupy  basins  among  the  moraine  ridges  and  knolls  and  on  the  outwash 
plains,  but  occur  to  some  extent  also  on  the  till  plains  and  among  rock 
knobs.  The  combined  area  of  the  lakes  within  the  State  is  estimated 
to  be  about  5,650  square  miles,  or  nearly  7  per  cent  of  the  entire  area. 
The  largest  lake  is  Red  Lake,  a  very  shallow  body  of  water  with  an  area 
of  440  square  miles.  Other  large  lakes  are  Mille  Lacs,  also  very  shallow, 
Leech,  Winnibigoshish,  and  Minnetonka.  Minnetonka  and  the  southern 
part  of  Leech  Lake  extend  into  a  network  of  deep  depressions  among 
morainic  ridges,  but  the  other  lakes  are  hrgely  in  plains  that  are  slightly 
below  the  neighboring  districts,  partly  morainic  and  partly  plain. 
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CHAPTER  II 

CLIMATIC  CONDITIONS  OF  MINNESOTA 

By  U.  G.  Purssxll 
Dirtctor  of  the  Minmsota  Section  of  the  United  States  Weather  Bureau 

INTRODUCTION 

The  agricttlture  of  any  region  is  controlled  by  its  cUmate.  In  some 
parts  of  the  world  temperature  is  the  main  factor  in  determining  the 
limits  of  growth  of  certain  kinds  of  crops;  in  others  it  is  rainfall,  and 
in  s|ill  others  it  is  the  amount  of  sunshine.  All  of  these  factors  are 
important  in  influencing  the  crop  yield  even  in  districts  where  the  gen- 
eral climatic  conditions  are  satisfactory  for  the  growth  of  plants.  In 
Minnesota  these  elements  are  so  favorable  that  a  majority  of  the  crops 
common  to  the  temperate  zone  may  be  successfully  grown,  and  a  failure 
of  all  the  important  crops  is  very  rare  even  over  a  small  portion  of  the 
State. 

Rainfall  is  an  important  factor  for  most  crops  in  the  State,  because 
the  proper  amount  of  water  in  the  soil  at  the  critical  period  of  develop- 
ment of  the  plant  is  necessary  to  produce  a  large  crop.  The  length  of 
the  growing  season  also  is  important  and  probably  no  other  factor  in 
the  study  of  climate  from  the  standpoint  of  the  agriculturist  should  be 
given  more  consideration.  This  is  the  key  to  an  actual  knowledge  as  to 
the  possibilities  of  success  or  failure  in  the  production  of  crops  since 
in  parts  of  the  State  crops  are  menaced  by  frost  at  some  period  of  their 
growth,  whereas  sunshine  and  moisture  seldom  vary  in  Minnesota  beyond 
safe  limits. 

The  State  extends  from  the  northern  boundary  of  Iowa,  latitude  43® 
3(y,  some  400  miles  northward  to  the  farthest  point  north  in  the  United 
States,  which  is  22.85  miles  beyond  the  49th  parallel  in  the  projection 
to  the  northwest  point  of  the  Lake  of  the  Woods.  The  greatest  width 
east  and  west  is  367  miles. 

The  factors  which  determine  the  climate  of  any  area  are  the  relative 
distribution  of  land  and  water,  the  topography  of  the  land  surface,  and 
the  situation  of  the  area  in  question  with  relation  to  the  general  move- 
ment of  the  cyclones  and  anti-cyclones. 

The  position  of  Minnesota  at  the  center  of  North  America  gives  it 
a  climate  that  is  largely  continental.  In  continental  climates  the  tem- 
perature extremes  are  greater  and  the  htmiidity  and  rainfall  generally 
less  than  at  places  near  large  bodies  of  water,  such  as  border  on  the 
Atlantic,  Pacific,  and  Gulf  coasts  of  the  United  States.    The  eflFect  of 
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winds  from  great  bodies  of  water  is  to  equalize  temperatures  of  lands 
near  by  and  to  lengthen  materially  the  crop-growing  season.  This  is  par- 
ticularly true  of  the  country  in  the  vicinity  of  Lake  Superior,  where 
the  influence  of  that  great  inland  sea  in  modifying  the  cold  anti-cyclones 
gives  to  that  section  a  more  equable  climate  than  would  otherwise  obtain 
in  that  portion  of  the  State.  The  summer,  temperatures  are  likewise 
modified  and  people  from  long  distances  inland  in  steadily  increasing 
numbers  are  establishing  summer  homes  about  the  lake,  to  which  they 
are  attracted  during  the  hot  summer  months.  There  are  more  than 
7y000  small  lakes  scattered  throughout  the  State  and  these  have  a  mate- 
rial local  influence  in  modifying  the  heat  of  summer  and  give  comfort 
to  thousands  of  residents  on  their  shores. 

Monthly  and  annual  reports  of  temperature,  rainfall,  snowfall,  etc., 
have  been  published  for  a  large  number  of  regular  and  cooperative  sta- 
tions in  Minnesota  sjnce  1895.  Recently  three  special  section  reports 
have  been  issued  by  the  United  States  Weather  Bureau  giving  monthly 
and  annual  precipitation  totals  for  all  points  in  the  State  with  a  record 
of  ten  years  or  over,  t<%ether  with  average  temperatures  and  other  data. 
In  these  reports  the  more  important  facts  from  all  portions  of  the  State 
are  tabulated  and  the  comparative  climatic  conditions  of  the  different 
sections  graphically  shown. 

GENERAL  CLIMATIC  CONDITIONS 

Minnesota  is  in  the  path  of  a  large  proportion  of  the  low-pressure 
areas  which  move  across  the  United  States  from  west  to  east.  These 
areas  move  at  an  average  speed  of  600  miles  in  twenty-four  hours  and 
are  preceded  by  southerly  winds  and  higher  temperature  and  followed 
by  northerly  winds  and  lower  temperature.  They  are  usually  accom- 
panied by  cloudy  weather  and  precipitation ;  each  storm  causing  an  aver- 
age of  from  one  to  two  rainy  days  as  it  crosses  the  State. 

As  there  is  an  average  of  almost  two  of  these  storms  each  week 
with  fair  weather  periods  between,  it  follows  that  the  changes  in  weather 
conditions  are  rather  rapid.  One  or  two  days  of  stormy  weather  pre- 
ceded by  fair  weather  and  followed  by  clearing  and  lower  temperatures 
to  be  repeated  in  turn,  make  up  the  usual  routine  for  the  week.  How- 
ever, Minnesota  is  so  far  from  the  coast  that  damaging  ocean  storms 
lose  much  of  their  severity  before  reaching  its  borders. 

The  northwestern  cold  waves  pass  across  the  State  and  send  their 
health-giving  winds  into  all  parts,  and  yet  they  are  frequently  not  so 
severe  as  they  are  in  some  of  the  plains  states  in  the  same  latitude  or 
even  farther  south. 

Temperature. — ^The  average  annual  temperature  of  Minnesota  for  the 
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period  1895  to  1913  inclusive,  is  41.7**,  as  shown  in  Table  I  and  graph- 
ically by  Figure  1.  The  highest  annual  mean  temperature,  43.9**,  oc- 
curred in  1900,  and  the  lowest,  39.9**,  in  1912.  The  departure  of  the 
average  temperature  of  any  year  from  the  normal  may  readily  be  deter- 
mined by  comparing  the  yearly  average  with  the  mean  at  the  foot  of  the 
colmnn. 


TabU  I. 

Monthly  and  Annual  Mean  Temperature  for  Minnesota  {Degrees  Fahrenheit) 

Jan. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

1895 

49.9 
44.5 
43.7 
43.5 
44.0 
49.5 
46.7 
42.6 
43.3 

56.9 
60.9 
55.2 
55.6 
55.1 
59.9 
58.2 
57.0 
»SS.7 

64.6 
66.5 
62.5 
67.0 
65.4 
66.8 
65.5 
61.3 
62.3 
63.2 
63.0 
63.7 
63.3 
62.5 
65.0 
67.8 
69.7 
62.5 
67.4 
64.6 

67.8 
69.9 
71.6 
69.8 
70.2 
68.8 
74.7 
69.7 
67.2 
66.0 
67.3 
68.3 
68.2 
69.4 
69.2 
70.6 
68.2 
68.5 
67.3 
72.4 

67.4 
67.9 
64.2 

61.5 
54.3 
65.3 

41.4 
42.4 
50.0 
42.9 
49.0 
55.1 
49.2 
47.1 
46.1 
47.4 
43.5 
45.7 
45.4 
47.0 
44.7 
50.8 
43.4 
47.5 
42.7 
52.6 

27.8 
18.0 
26.6 
26.6 
39.6 
25.4 
28.8 
33.3 
27.3 
36.7 
33.1 
30.7 
31.7 
33.8 
33.8 
25.3 
20.2 
33.9 
36.9 
33.0 

18.3 
20.3 
12.3 
11.9 
17.9 
18.6 
13.0 
12.6 
9.8 
16.7 
20.6 
15.9 
21.3 
17.5 
10.0 
14.7 
19.4 
20.0 
26.1 

1896 

12.3 

7.2 
18.3 

9.9 
18.4 
13.2 
15.9 
11.3 

4.5 

5.6 
17.0 

3.8 
16.4 
10. 5 
11.8 

5.4 
-6.7 

7.2 
16.9 

17.9 

15.3 

16.4 

4.5 

5.2 

10.0 

15.5 

10.6 

2.3 

8.9 

13.8 

14.8 

17.9 

13.7 

7.5 

16.6 

10.6 

8.6 

2.8 

21.4 
20.7 
30.3 
14.7 
23.4 
27.3 
34.0 
29.6 
24.8 
33.7 
20.6 
28.7 
26.4 
26.1 
41.7 
32.7 
19.8 
20.4 
26.6 

41  6 

1897 

41.2 

1898 

66.9    60.6 

69.1  56.4 
74.3     58.2 
69.8     57.3 

65.2  55.2 
63.6  1  55.5 

42  2 

1899 

41.2 

1900 

43  9 

1901 

42.8 

1902 

42  6 

1903 

40.3 

1904 

38.8     55.4 

64.9 
68.9 
68.7 
66.1 
65.5 
70.9 
65.8 
64.0 
63.9 
69.2 
66.1 

57.4 
61.9 
63.3 
55.9 
64.2 
58.7 
58.4 
56.7 
57.2 
58.6 
60.0 

40  1 

1905 

42.0 
47.9 
34.7 
45.2 
35.8 
48.0 
42.7 
45.5 
46.4 
41.2 

52.6 
53.7 
45.5 
53.9 
53.2 
51.6 
59.8 
55.9 
52.7 
57.6 

41.5 

1906 

42  0 

1907 

40.1 

1908 

43  4 

1909 

41.0 

1910 

42  8 

1911 

41.6 

1912 

39  9 

1913 

42.0 

1914 

Mean.... 

10.5 

11.2 

26.5 

43.8 

55.3 

64.7 

69.3 

67.1 

58.8 

46.5 

30.1 

16.7 

41.7 

The  coldest  month  is  January,  which  has  a  mean  temperature  of 
10.5**,  although  the  average  for  February  is  only  0.7**  higher.  In  a 
great  many  instances  February  has  averaged  colder  than  the  preceding 
January.  This  condition  occurred  in  the  seven  successive  years  from 
1898  to  1904  inclusive.  Average  January  temperatures  are  plotted  on 
Figure  2. 

July  is  the  warmest  month,  with  an  average  temperature  of  69.1**, 
although  in  a  few  years  the  mean  temperature  for  June  or  for  August  is 
higher  than  for  July  of  the  same  year.  Average  July  temperatures  are 
plotted  on  Figure  3. 

The  highest  summer  mean,  70.0°,  occurred  in  1900  and  1901.  The 
coldest  summer  was  that  of  1903,  with  an  average  of  64.4**. 

The  warmest  crop-growing  season  (April  to  September  inclusive) 
of  the  eighteen  years  under  discussion  was  in  1900,  when  the  average 
was  62.9**,  and  the  coldest  was  in  1907,  with  an  average  of  55.6**. 

The  warmest  winter  (December  to  February  inclusive)  was  in  1907-8, 
when  the  mean  temperature  was  18.5**.  The  coldest  was  in  1903-4,  with 
a  mean  temperature  of  5.5**.  Table  II  shows  also  the  warmest  and  coldest 
spring  and  autumn. 

In  Figures  4  and  5  are  shown  the  highest  and  lowest  temperatures 
ever  recorded  in  the  various  counties  where  records  have  been  kept. 


Digitized  by  VjOOQIC 


nCUBE  2.     MAP  SHOWING  MRAN  TBMFERATUSES  OF  MINNESOTA  FOR  JANUARY 
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FIGURE  3.    MAP  SHOWING  MEAN  TEMPERATURES  OF   MINNESOTA  FOR  JULY 
(degrees   FAHRENHEIT) 
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figubs  4.    map  showing  highest  known  tbmfebatubbs  in  minnssota 
(degrees  fahkenheit) 
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PIGtJKB  5.     MAP  SHOWnVG  LOWBST  KNOWN  TBMFERATUBES   IN   MINNESOTA 
(degrees  FAHRENHEIT) 
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From  these  figures  it  can  readily  be  seen  that  the  extreme  range  of  tem- 
perature is  from  107°  at  Grand  Meadow  and  Milan,  to  —  59®  at  Leech 
Lake  Dam  and  Pokegama  Falls.  Temperatures  above  100®  have  been 
recorded  in  all  counties  except  those  about  the  headwaters  of  the  Missis- 
sippi River,  and  in  the  country  immediately  bordering  on  Lake  Supe- 
rior. Temperatures  of  —  40®  have  occurred  in  nearly  all  northern  and 
central  counties  and  in  a  few  southern  counties,  but  these  great  extremes 
do  not  occur  frequently. 

TabU  II.     Seasonal  Tempgraturgs  for  Minnesota  iDogroos  Fakronhoii) 


Year 

Winter 
mean 

Spring 
mean 

Summer 
mean 

Pall 
mean 

April  to  Sept. 

inclusive 
(crop-growing 

season) 

1895 

61.4 

1896 

16.2 
14.3 
15.7 

8.8 
13.8 
13.9 
14.8 
11.5 

5.5 
10.4 
17.1 
11.5 
18.5 
13.9 

9.8 
12.2 

7.8 
11.9 
15.3 

42.3 
39.9 
43.1 
37.9 
44.3 
44.1 
.44.5 
42.9 
40.0 
42.8 
40.7 
36.3 
41.8 
38.4 
47.1 
45.1 
40.4 
39.8 
41.8 

68.1 
66.1 
67.9 
68.2 
70.0 
70.0 
65.4 
64.4 
64.7 
66.4 
66.9 
65.9 
65.8 
68.4 
68.1 
07.3 
65.0 
68.0 
67.7 

38.2 
47.3 
43.4 
48.3 
46.2 
45.1 
45.2 
43.0 
47.2 
46.2 
46.6 
44.3 
48.3 
45.7 
44.8 
40.1 
46.2 
46.1 
48.5 

60  7 

1897 

60  4 

1898 

60  6 

1899 

60  0 

1900 

62  9 

1901 

62  0 

1902 

58  5 

1903 

57  9 

1904 

57  6 

1905 

59.3 

1906 

60  9 

1907 

55.6 

1908 

60  1 

1909 

58  8 

1910 

60  4 

1911 

60.2 

1912 

58  9 

1913 

60.3 

19U 

60.3 

}4mn 

12.8 

41.7 

67.0 

45.3 

59.8 

Frosts. — Although  frosts  have  occurred  in  some  portions  of  the  State 
every  month  of  the  year,  damaging  temperatures  are  not  to  be  expected 
during  June,  July,  and  August,  and  they  are  comparatively  rare  in  the 
last  half  of  May  and  the  first  half  of  September.  Records  of  ten  or 
more  years  are  available  from  a  large  number  of  places  in  the  State, 
of  which  charts  have  been  constructed  showing  the  average  date  of  the 
last  killing  frost  in  spring  and  the  first  one  in  autumn.  Using  these  dates 
as  boundaries,  we  can  mark  the  average  beginning  and  ending  of  crop 
growth  and  determine  the  average  length  of  the  growing  season.  All  of 
this  information  is  graphically  shown  in  Figures  6,  7,  and  8.  By  refer- 
ence to  Figure  8  the  influence  of  Lake  Superior  in  lengthening  the  crop- 
growing  season  in  its  vicinity  may  be  seen;  while  in  the  same  latitude 
in  the  highlands  of  Hubbard,  Becker,  eastern  Mahnomen,  and  Clearwater 
counties  the  season  is  twenty  to  thirty  days  shorter.  The  longest  season, 
160  days,  obtains  along  the  Mississippi  River  from  Hennepin  County 
to  the  southeastern  corner  of  the  State,  and  the  shortest,  100  days  or 
less,  is  in  the  region  of  the  Mesabi  and  Vermilion  Iron  Ranges. 
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FIGX7XB  6.    MAP  SHOWING  AVERAGE  DATE  OP  THE  LAST  KH^LING  FROST  IN  SPRING  IN 
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nCUSB  7.    MAP  SHOWING  AVERAGE  DATE  OF  FIRST  KILLING  FROST  IN  AUTUMN  IN 

MINNESOTA 
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nCUBE,  8.    MAP  SHOWING  NUMBER  OP  DAYS  OP  THE  AVERAGE  CSOP-GROWING  SEASON  IN 

MINNESOTA 
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nCURB  9.    MAP  SHOWING  THE  AVERAGE  ANNUAL  PRECIPITATION  FOR  MINNESOTA 
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TahU  111.    Av€rao€  MomtMy  and  Annnai  Prgcipiiation  for  Minn§sota  (•»  Jnckit) 


ToUl 

J«. 

Feb. 

Mar. 

Apr. 

May 

Jtiae 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dee. 

Year 

April  to 
Sept. 
ind. 

1»5 

1.68 

3.30 

4.37 

3.25 

2.27 

3.93 

0.25 

1.22 

0.28 

18.80 

ItM 

0.76 

0.39 

1.97 

5.91 

5.02 

4.07 

1.88 

2.28 

2.49 

2.95 

2.69 

0.61 

32.04 

21.65 

1«97 

1.77 

1.21 

2.07 

1.55 

1.38 

5.40 

6.62 

2.54 

1.89 

1.55 

0.53 

0.38 

27.23 

19.38 

189S 

0.16 

1.02 

1.21 

1.64 

3.26 

3.93 

2.94 

3.22 

1.52 

3.83 

1.02 

0.18 

24.21 

16.51 

1§9» 

0.60 

0.78 

1.58 

1.49 

4.46 

6.36 

2.84 

5.35 

1.47 

3.22 

0.63 

0.95 

30.14 

21.97 

1900 

0.4S 

0.56 

1.30 

1.47 

0.90 

1.71 

5.48 

6.44 

6.55 

3.85 

0.62 

0.51 

29.79 

22.55 

1901 

0.38 

0.40 

1.68 

1.73 

1.41 

5.81 

3.33 

2.21 

4.34 

1.86 

0.78 

0.57 

24.26 

18.83 

1902 

0.44 

0.67 

0.92 

1.67 

5.10 

3.32 

4.76 

4.35 

2.23 

1.93 

1.57 

1.79 

29.46 

21.43 

1903 

0.45 

0.59 

1.75 

2.82 

5.37 

1.96 

5.11 

4.65 

5.63 

3.13 

0.35 

0.84 

32.85 

25.54 

1904 

0.39 

0.62 

1,51 

1.72 

2.43 

4.26 

3.96 

2.77 

3.14 

3.50 

0.14 

0.82 

29.65 

18.28 

1905 

0.65 

0.55 

1.21 

1.46 

5.54 

6.41 

4.12 

4.36 

3.45 

2.53 

2.64 

0.15 

33.10 

25.34 

1906 

1.15 

0.27 

1.20 

1.72 

5.58 

4.55 

2.93 

4.66 

3.73 

2.28 

1.82 

0.91 

31.66 

23.17 

1907 

1.17 

0.58 

0.94 

1.01 

2.14 

4.31 

3.57 

4.11 

3.48 

1.31 

0.57 

0.57 

24.03 

18.62 

1908 

0.31 

1.11 

1.47 

2.55 

6.31 

6.35 

3.21 

2.07 

2.41 

1.91 

1.18 

0.79 

29.49 

22.90 

1909 

1.32 

1.31 

0.54 

1.89 

3.36 

3.53 

3.84 

4.54 

3.16 

1.56 

2.68 

1.54 

29.27 

20.32 

1910 

0.83 

0.45 

0.27 

1.54 

1.58 

1.39 

1.94 

2.35 

2.45 

0.97 

0.52 

0.44 

14.73 

11.25 

1911 

0.81 

0.88 

0.63 

1.88 

3.48 

3.79 

3.61 

4.27 

3.35 

3.93 

1.12 

1.35 

29.10 

20.38 

1912 

0.40 

0.21 

0.45 

2.04 

4.13 

1.66 

4.30 

3.97 

3.03 

0.97 

0.36 

0.93 

22.45 

19.13 

1913 

0.33 

0.44 

1.27 

1.87 

3.53 

3.08 

5.56 

2.79 

3.33 

2.58 

0.66 

0.05 

25.49 

20.16 

1914 

0.81 

0.44 

1.12 

2.41 

2.89 

8.34 

2.48 

3.97 

3.08 

2.00 

0.38 

23.77 

Mean.. 

0.70 

0.66 

1.22 

2.00 

3.56 

4.18 

3.79 

3.66 

3.23 

2.31 

1.07 

0.71 

27.72 

20.33 

Precipitation. — ^Thc  annual  average  precipitation  of  the  State  as  a 
whole  for  a  period  of  eighteen  years,  1896  to  1913  inclusive,  is  27.72 
inches,  and  for  the  crop  season,  April  to  September  inclusive,  for  nine- 
teen years,  1895  to  1913,  is  20.16  inches.  The  monthly,  seasonal,  and 
annual  averages  for  this  period  are  shown  in  Table  III.  The  year  with 
the  greatest  annual  rainfall  was  1905,  when  the  total  was  33.10  inches. 
The  driest  year  was  1910  with  14.73  inches.  In  that  year  the  rainfall 
during  the  crop-growing  season  was  11.25  inches. 

TaM€  IV.    Avtrag€  Monthly  and  Annual  Prgcipiiation  by  Drainaga  Districts 


Watersheds 

Jan. 

Feb. 

Mar. 

Apr. 

May 

June 

July 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. 

Year 

li£/5S^".-.:: 

RedKiver 

Mwuiipui  (above 

SL^oS^Mii; 

In. 
0.88 
0.94 
0.55 

In. 
0.88 
0,94 
0.56 

In. 
1.41 
1.42 
0.98 

In. 
2.05 
1.96 
1.84 

In. 
3.50 
3.10 
2.85 

In. 
4.19 
4.04 
3.83 

In. 
4.21 
3.76 
3.34 

In. 
3.73 
3.32 
3.12 

In. 
4.18 
2.98 
2.32 

In. 
2.80 
2.08 
1.55 

In. 
1.45 
1.46 
0.72 

In. 
1.13 
0.98 
0.S6 

In. 
30.40 
26.98 
22.22 

0.73 

0.70 

1.23 

2.16 

3.42 

4.13 

3.61 

3.57 

3.00 

2.29 

1.05 

0.73 

26.63 

Minnesota  RiVor*. 

Bif  Sioux  and  Des 

Moines  RlTers. 

0.92 
0.79 

0.50 

0.95 
0.73 

0.54 

1.49 
1.19 

1.13 

2.37 
2.30 

2.09 

4.01 
3.52 

4.00 

4.46 
4.18 

4.39 

3.72 
3.34 

3.49 

3.69 
3.44 

3.58 

3.72 
2.63 

2.79 

2.73 
2.11 

2.07 

1.36 
1.02 

0.94 

1.13 
0.79 

0.63 

30.57 
26.04 

26.15 

Bute 

0.76 

0.75 

1.25 

2,18 

3.53 

4.19 

3.55 

3.50 

3.02 

2.24 

1.09 

6.84 

26.90 

June  is  the  wettest  month  with  an  average  rainfall  of  4.18  inches, 
and  July  is  next  with  3.79  inches.  The  lowest  monthly  rainfall  is  that 
of  February  with  an  average  of  0.66  inch.  The  greatest  rainfall  in  one 
month  for  the  State  as  a  whole  was  8.34  inches  in  June,  1914.  The 
lowest  rainfall  for  any  month  was  .05  inch  in  December,  1913. 

The  geographic  distribution  of  annual  and  monthly  precipitation  is 
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[CURE  11.    MEAN  MONTHLY  RAINFALL  AND  MEAN  MONTHLY  TEMPERATURE  AT  SEVERAL 
STATIONS  IN  MINNESOTA.      MONTHS  ARE  INDICATED  BY  THEIR  FIRST  LETTERS. 
THE  GREATEST  RAINFALL  IS  IN  THE  GROWING 
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i    sm^n  monthly  rainfall,  1837-1 013. 

§    smoiithly  raiofaJl  of  jear  of  grtetfM  rainfaU  recorded,  1849 

Q  Wmontiiij  rainfall  of  year  of  least  rainfall  recorded.  1910. 

i$61^id  curvcariTHWi  TPonthly  temperature,  1871-1918. 

Dotted  corve«iP»<an  monthly  t^mperatore  for  year  oUowest  annual  temperature  iworded,  1876 

Dashed  eurvc«ain«n  monthly  tempemture  for  year  d  highest  annual  temperature  recorded,  1878 

Harivwtal  d«Khe*  <how  ahw^lute  maximum  and  minimum  .tempeiatuces  recorded. 

nCUKB    12.     DIAGRAM   SHOWING  RAINFAU.  AND  TCliPERATURES    (DEGREES   FAHRENHEIT) 

AT   ST.   PAUL,   MINNESOTA   FROM    1837-1913.      MONTHS   ARE 

INDICATED  BY  THEIR  FIRST  LETTERS 
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SURFACE  FORMATIONS  OF  MINNESOTA 


graphically  shown  in  Figures  9  to  11,  and  for  the  stations  having  ten  or 
more  years  of  record  in  Table  V.  Table  IV  shows  the  monthly  and 
annual  distribution  in  the  various  watersheds.  From  these  illustrations 
it  may  be  seen  that  the  precipitation  is  about  one-fourth  to  one-third 
greater  along  the  eastern  boundary  of  the  State  than  along  the  western 
boundary. 

Tahh  V,    Avgragt  Annual  PrtcipUation  in  Minngsota  by  Stations 


Station 


Albert  Lea 

Alexandria 

AnguB 

Ariiby 

Beardsley 

Bird  Island 

Blooming  Prairie. . , 

Caledonia 

Collegeville 

CrooKston 

Detroit , 

Duluth , 

Fairmont  (near) . .  , 

Faribault , 

Farmington 

Fergus  rails 

Plandreau,  S.  D... 

Fort  Ripley , 

Glencoe 

Orand  Meadow ... 
Grantsburg,  Wis . . 

Hallock 

HaUtad  (Ada) 

International  Falls. 
La  Crosse,  Wis.... 
Leech  Lake  Dam. . 

Long  Prairie 

Luveme 

Lynd 

Mankato 

Mapleplain 

Milaca 

Milan 

MUbank.  S.  D 

Minneapolis 


County 


Freeborn . . . 
Douglas. . . . 

Polk 

Grant 

Bigstone  ... 

Renville 

Steele 

Houston.... 
steams. . . . 

Polk 

Becker 

St.  Louis. .. 

Martin 

Rice 

Dakota. . .  . 
Ottertail  . . . 
Moody. . . . . 
Crow  Wing. 
McLeod.... 

Mower 

Burnett .... 

Kittson 

Norman .... 
Koochiching 
La  Crosse. . 

Cas!i    

Todd 

Rock 

Lyon 

Blue  Earth. 
Hennepin. . 
Mille  Lacs. 
C^PX>ewa.. 

Grant 

Hennepin.. 


Yrs. 
21 
25 
10 
14 
16 
22 
13 
19 
19 
22 
16 
41 
25 
14 
24 
24 
22 
43 
15 
24 
21 
13 
16 
10 
40 
24 
20 
15 
19 
14 
17 
13 
18 
21 
21 


Inches 
29.90 
23.74 
19.00 
24.47 
23.79 
24.23 
27.45 
33.70 
22.76 
22.41 
25.96 
29.93 
28.20 
28.00 
29.29 
23.24 
24.57 
25.25 
26.64 
32.59 
33.06 
21.37 
21.27 
25.75 
31.17 
27.00 
25.17 
27.60 
25.43 
27.50 
31.11 
27.27 
24.49 
22.69 
29.31 


Station 


Montevideo 

Moorhead 

Morris 

New  London 

New  Richland 

NewUlm 

Northfield 

Osceola.  Wis 

Park  Rapids 

Pembina,  N.  D 

Pine  River  Dam . . , 

Pipestone 

Pokegama  Falls 

Red  Wing 

Redwood  Falls 

Reeds  Landing. . . . 

St.  Charles 

St.  Cloud 

St.  Paul 

St.  Peter 

Sandy  Lake  Dam.. 

Shakopee 

Tonka 

Tower  (Ely) 

Two  Harbors 

University,  N.  D.. 
Virginia  (Mt.  Iron) 

Wabasha 

Wahpeton,  N.  D,  . 

Willmar 

Willow  River 

Winnebago 

Winnibigoshish .  .  . 

Winona . . 

WorthinRton 


County 


Chippewa... 

Clay 

Stevens .... 
Kandiyohi.. 

Waseca 

Brown 

Rice 

Polk 

Hubbard... 
Pembina. . . 
Crow  Wing. 
Pipestone. . . 

Itasca 

(Goodhue . . . 
Redwood... 
Wabasha. . . 
Winona .... 
Sherburne . . 
Ramsey .... 

NicoUet 

Aitkin 

Scott 

Hennepin... 
St.  Louis. . . 

Lake 

Grand  Porks 
St.  LoTiis . . . 
Wabasha. .. 
Richland .  . . 
Kandiyohi.. 

Pine 

Faribault. . . 

Itasca 

Winona .... 
Nobles 


Yrs. 
22 
31 
27 
18 
10 
32 
12 
21 
22 
14 
25 
12 
25 
16 
13 
16 
21 
19 
41 
18 
19 
15 
13 
10 
18 
20 
18 
17 
20 
10 
10 
14 
25 
16 
17 


Inches 
23.50 
24.92 
23.23 
23.62 
29.91 
27.74 
29.92 
32.13 
25.71 
19.79 
27.52 
24.18 
27.62 
31.71 
24.65 
29.31 
30.68 
27.68 
28.68 
27.89 
26.47 
28.85 
30.54 
28.17 
30.56 
20.47 
30.74 
30.54 
23.67 
25.54 
29.98 
30.58 
25.66 
29.63 
28.24 


Figure  11  makes  an  interesting  comparison  of  monthly  and  annual 
values  of  both  temperature  and  rainfall  at  certain  selected  representative 
stations. 

Snowfall, — The  snowfall  averages  from  24  to  54  inches.  It  is  lightest 
in  the  southwest  portion  of  the  State  and  heaviest  on  the  Mesabi  Iron 
Range.  The  monthly  and  annual  averages  are  shown  in  Table  VI,  ar- 
ranged according  to  sections  and  drainage  districts. 

Winds. — ^The  prevailing  winds  are  from  the  northwest  over  most  of 
the  State.  The  monthly  and  annual  prevailing  directions  are  shown  for 
a  large  group  of  stations  in  Table  VII.  The  average  hourly  wind  ve- 
locity is  shown  for  six  regular  Weather  Bureau  stations  and  three  special 
stations  in  Table  VIII. 

Relative  humidity. — ^The  average  annual  humidity  for  the  State  is 
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J.      FLAX    FIELD    OX    RED    RIVER    CLAY    PLAIX 


B.      POTATO    FIELD   ON    RED   RIVER    CLAY    PLAIN 


C.      CORN    FIELD    ON    RED    RIVER    CLAY    PLAIN 
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Tabh  VI.    Av9rag€  SnowfM 


Stations 


I 


Yn. 
L^kg    of    thg    Woods 
Cromp 

Tower 9 

lUd  lUmr  VdUy  Group-^ 

St.  Vincent-Pembina. . .  14 

Crookiton 14 

Moofbead 17 

Vpptr  Mississippi  Riwer 

ParkRapid^. 14 

Lake  Wmmbigadiiah. . .  14 

SaadyLake^un 14 

Laks  Superior  Croup — 

Mt.Inm 13 

Dttlirth 25 

rower  Mississippi  Riosr 

V  alley  Group-— 

La  Crosse,  Wis 15 

Grand  Meadow 14 

St.  Charles 9 

Red  Wing 8 

St.  Paul 24 

Vomer    Mhmooola   River 

VaUew  Group — 

Shakopee 14 

St.  Peter 13 

Winnebago 10 

MiddleSississippi  Rioer 

aud  St.  Croix  Valleys 

Group — 

Minneapolis 18 

Colleseville 14 

Pine  River  Dam 14 

Osceola,  Wis 11 

Grantsbnrff,  Wis 11 

Upper   Mtnnesota  Rioer 

Valley  Croup— 

NewTjSn 14 

Birdlsland 14 

Milan 14 

Minuesota  River   Water- 

shed  Group — 

New  London 14 

Long  Prairie 14 

Morris 14 

Fergus  Palls 13 

Soulkwestern  Group — 

Fairmont 13 

Worthington 13 

Lynd 14 

Gary,  S.  D 11 


In. 


9.0 

8.4 
6.3 
7 


9. 
8. 
9. 

9.9 
10.3 


8 

8 

7.7 

8 

7.7 


7 
5.5 

6.5 


8.3 
6.7 
9.1 
9.1 
9.2 


8.9 
4.7 
7.5 


4.6 
5.7 
5.2 
6.2 

5.0 
4.1 
6.3 
4.4 


In. 


In. 


8.6  10.9 


4.2 


5.1 

6. 

6. 


6.5 
6.5 
9.5 

7.8 
9.1 


8.7 
9.8 
9.4 
5.6 
6.2 


8.1 
6.1 
7.5 


8.6 
5.6 
8.4 
8.4 
9.0 


7.5 
5.8 
8.1 


4.2 
5.5 
5.4 
5.7 

10.0 
7.2 
5.1 
6.6 


6.9     5.2 


8.8 
8.9 


9.1 
9.9 
10.6 

11.2 
11.1 


6.6 
9.9 
9.5 
4.4 
8.8 


7.8 
7.1 
6.3 


9.5 

8.5 

9.5 

11.7 

12.2 


9.5 
6.0 
11.2 


7.0 
7.4 
7.8 
7.6 

8.8 

7.6 

7.4 

12.4 


3.2 
4.9 


5.4 

3.3 

3.6 

3.9 
4.0 


1.4 

3 

2.4 

1.8 

3.6 


1 

0.7 

1.0 


4.0 
1.8 
2.8 
2.8 
4.2 


1.7 
1.5 
1.6 


1.7 
2.4 
2.1 
2.8 

1.9 
1.2 
2.8 

4.5 


In. 


0.6 

0.7 
0.2 
0.3 


0.9 
0.8 
0.7 

1.1 
1.0 


T. 

0.4 

0.2 

0.2 

0.2 


0.2 
0.4 
0.8 
T, 
0.1 


0.2 
0.4 
0.5 


0.1 
0.4 
0.5 
0.4 

0.1 
T. 
0.5 
0.2 


In. 


In. 


In. 


In. 


0.2 

0.1 

T. 

0.1 


0.2 
T. 
0.2 

0.1 
0.1 


T. 
T. 
0.1 
T. 
0 


In. 


0.4 

0.7 
0.4 
1.0 


1.4 
1.0 
1.1 

0.8 
0.3 


0.1 
0.3 
0.1 
0.3 
0.2 


0.4 
0.4 
0.3 


0.3 
0.3 
0.6 
0.1 
0.1 


0.3 
0.5 
0.6 


0.3 
0.2 
0.6 
1.0 

0.2 
0.3 
1.2 
1.2 


In. 


8.4 

5.7 
4.5 

6.9 


7.4 
7.8 
7.4 

8.1 
8.2 


3.9 
5.3 
4.3 
1.5 
4.7 


3.0 
1.4 
2.3 


4.5 

3.5 
5.9 
5.5 
8.5 


3.5 
3.5 
4.1 


2.7 
3.3 
3.2 

5.7 

3.9 
2.7 
2.8 
4.2 


In. 


8.2 

6.4 

5.7 
6.8 


6.3 
7.8 
7.4 

11.6 
8.7 


8.9 
9.3 
9.3 
7.1 
5.7 


4.6 
4.0 
6.5 


6.4 
5.0 
6.8 
6.8 
8.9 


4.4 

3.4 
6.1 


3.4 
4.4 
4.4 

5.8 

5.3 
3.6 
5.3 
4.1 


In, 


50.5 

39.2 
35.8 
43.7 


46.2 

45.7 
49.4 

54.4 

52  g8 


37.1 
46.1 
42.9 
28.9 
37.1 


33.5 
25.2 
30.4 


42.4 
31.8 
44.0 
44.4 

52.2 


36.0 
25.8 
39.7 


24.0 
29.3 
29.2 
35.2 

35.2 
26.7 
31.4 
37.6 


83  per  cent  at  7  a.  m.  and  72  per  cent  at  7  p.  m.  Table  IX  gives  the 
monthly  and  annual  data. 

Number  of  rainy  days. — In  Table  X  the  number  of  rainy  days  dur- 
ing each  month  and  the  year  is  given  for  thirty-three  stations  well  dis- 
tributed over  the  State.  The  smallest  number  is  64  at  Lynd,  Lyon 
County,  and  the  largest  132  days  at  Duluth. 

Sunshine. — ^The  sunshine  is  abundant,  averaging  from  43  to  53  per 
cent  of  the  highest  amount  possible.  The  daylight  hours  are  materially 
longer  during  the  crop-growing  season  in  the  northern  portion  of  the 
State  than  in  the  southern.  The  greatest  percentage  of  sunshine  is  in 
the  southwestern  portion  and  the  least  in  the  northeastern  part. 
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SURFACE  FORMATIONS  OF  MINNESOTA 


Dirat 

rtion 

SUtiont 

|E 

»-> 

£ 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Lak€    of    tht     Woods 
Group— 

Tower 

RMd  Riper  VaUeyGroup-^ 
St.  Vincent-Pembina. . . 

9 

23 
14 
28 

16 
16 
U 

U 
38 

36 
15 
13 
12 
38 

U 
13 
9 

18 
14 
16 
11 
11 

14 
16 
14 

14 
14 
17 
13 

15 
13 
14 
11 

nw. 

nw. 

s. 
nw. 

nw. 
nw. 
nw. 

nw. 
sw. 

s. 

nw. 
nw. 
nw. 
nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 
s. 
nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 
nw. 

nw. 
nw. 
nw. 
nw. 

w. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 

n. 
nw. 

s. 

nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 

s. 
nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 
nw. 

nw. 
nw. 
nw. 
nw. 

nw. 

nw. 

s. 

nw. 

nw. 
w. 
nw. 

n. 
ne. 

n. 
nw. 
se. 
nw. 
nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 
n. 
sw. 

s. 

nw. 
nw. 

nw. 
nw. 

8. 

nw. 

nw. 
nw. 
nw. 
nw. 

w. 

nw. 

n. 
n. 

nw. 
nw. 
se. 

n. 
ne. 

s. 
nw. 

se. 

se. 
nw. 

se. 

nw. 
nw. 

nw. 

s. 
nw. 

n. 

se. 

s. 

nw. 
se. 

se. 
se. 

s. 
se. 

nw. 

8. 

nw. 
sw. 

w. 

nw. 
nw. 
n. 

s. 

nw. 
e. 

n. 
ne. 

s. 

nw. 
nw. 
e. 
se. 

se. 
nw. 
se. 

ne. 
nw. 
nw. 

s. 
ne. 

s. 

nw. 
se. 

se. 
se. 
s. 

se. 

nw. 
nw. 
se. 
se. 

w. 
se. 

8. 

se. 

nw. 
w. 
e. 

8. 

ne. 

s. 
se. 
se. 
se. 
se. 

nw. 
nw. 
■e. 

8. 
SW. 

w. 

8. 

SW. 

8. 

nw. 
se. 

se. 

nw. 

8. 

se. 

8. 

nw. 
nw. 
se. 

w. 

8. 
SW. 

8. 

nw. 
w. 
nw. 

8. 

ne. 

8. 

8. 

se. 
sw. 
se. 

nw. 
se. 
se. 

8. 
S. 
W. 
8. 
SW. 

8. 

nw. 
nw. 

se. 
nw. 

8. 

nw. 

8. 

nw. 
sw. 
se. 

w. 

se. 
se. 
se. 

nw. 
w. 
nw. 

n. 
ne. 

8. 

8. 

nw. 
w. 
se. 

nw. 
nw. 
se. 

s. 

nw. 
nw. 

8. 
SW. 

8. 

nw. 
se. 

se. 
se. 

8. 

se. 

nw. 
nw. 
nw. 

8. 

W. 

nw. 
nw. 
se. 

nw. 
w. 

s. 

8. 

ne. 

8. 
8. 
8. 

e. 
se. 

se. 

8. 

se. 

8. 
8. 

nw. 

8. 
SW. 

nw. 
nw. 
nw. 

se. 
se. 

8. 

nw. 

8. 

nw. 
nw. 
ne. 

w. 

nw. 

8. 

se. 

nw. 
nw. 
nw. 

8. 

ne. 

8. 
SW. 

se. 
w. 
se. 

nw. 
nw. 
se. 

8. 

nw. 
nw. 
n. 
nw. 

nw. 
nw. 
nw. 

se. 
nw. 

8. 

nw. 

nw. 
nw. 
sw. 
sw. 

w. 

nw. 

8. 

nw. 

nw. 

nw, 
nw. 

nw. 
sw. 

8. 

nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 
n. 
nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
n. 
nw. 

nw. 
nw. 
nw. 
nw. 

nw. 

nw. 
nw. 
nw. 

nw. 
nw. 
nw. 

nw. 
sw. 

8. 

nw. 
nw. 
nw. 
nw. 

nw. 
nw. 
nw. 

nw. 

nw. 
nw. 

8. 

nw. 

nw. 
nw. 

nw. 

nw. 
nw. 

8. 

nw. 

nw. 
nw. 
nw. 
nw. 

w. 

nw. 

Moorhead 

Upper  Mississippi  River 

Valley  Group — 
Park  Rapids 

n. 
nw. 

Lake  Wixmibigosluah . . . 

Sandy  Lake  Dam 

Lake  Superior  Croup— 
Mt.  Iron 

nw. 
nw. 

n. 

Duluth 

Lower  Mississippi  Rivef 
Valley  Group— 

La  Crowe.  WmTT 

Grand  Meadow 

St.  Charles 

ne. 

8. 

nw. 
nw. 

Red  Wing 

nw. 

St.  Paul 

LoiMT   Minnesota   River 

Valley  Group— 
Shakopee 

se. 
nw. 

St.  Peter 

nw. 

Winnebago 

nw. 

MiddU  MisHssippi  River 
and  St.  Croix  Valleys 
Group— 

MinneaTM>1is. . . . 

nw. 

CoUegeville 

Pine  River  Dam 

Osceola,  Wis 

nw. 
nw. 

8. 

Grantsburg.  Wis 

Upper   Minnesota  River 

Valley  Group— 
New  Ufm 

nw. 
nw. 

Bird  Island 

nw. 

Milan 

Minnesota  River  Water^ 

shed  Group- 
's tw  London 

nw. 
se. 

J-'Ong  Prairie ......».,,. 

nw. 

Morris 

s. 

Fergus  Palls 

Southwestern  Group— 
Fairmont 

nw. 
nw. 

Worthington 

nw. 

Lynd..T/:... .:;::::: 

nw. 

Gary,  S.  D 

nw. 

Table  VIIL 

Average  Hourly  Wind  Velocity  in 

Miles 

SUtions 

oS 

1 

£ 

1 

1 

1 

1 

1 

1 

1 

1 

75 

< 

Duluth 

5 

19 
15 

6 
36 
36 
18 

7 
11 

14.3 
10.3 
7.7 
9.0 
7.1 
7.8 
11.5 
9.4 
9.5 

14.2 
10.5 
9.4 
82 
7.5 
8.3 
11.6 
9.1 
9.6 

15.0 
11.3 
10.0 
9.7 
8.0 
8.8 
12.3 
9.4 

15.1 
12.0 
10.7 
9.4 
8.5 
9.3 
12.8 
11  0 

15.2 

10.7 

10.0 

7.6 

1.1 

12.1 
9.0 
11.1 

11.6 

10.0 
8.7 
7.4 
6.7 
7.7 

10.3 
7.3 

10.0 

11.3 
8.3 
7.5 
7.3 
6.0 
7.1 
9.9 
5.9 
9.4 

12.0 
8.4 
7.5 
7.2 
5.8 
7.1 
9.9 
6.4 
9.4 

12.7 

10.4 
9.1 
8.0 
6.9 
8.0 

11.6 
7.8 

10.9 

13.9 
10.4 
9.3 
8.3 

1:1 

11.7 
8.8 
9.5 

14.1 
10.1 
9.5 
8.7 
7.5 
8.1 
11.0 
9.0 
9.9 

14.2 
10.0 
8.9 
8.9 
7.2 
7.8 
11.2 
9.1 
9.9 

13.6 

Moorhead 

10.2 

St.  Vincent-Pembina. . . 
Two  Harbors 

9.2 
8.3 

La  Crosse,  WU 

St.  Paul 

7.2 
8.1 

Minneapolis 

11.3 

Faribault 

8.5 

CoUegeville 

11.0!  12.2 

10.2 
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robfo  IX.    M^nn  RglaHpt  HnmUUy  m  D^gregs 


Stations 


Dulttth /8  a.m. 

18  p.m. 
Moorfa— d /8  a-m. 

\8p.]n. 
St.  Vincent /8  a.m. 

\8  p.m. 
La  Crosae.  Wis. .  .8  a-m. 
St.  Paul /8  a. 

\8  p.m. 
Minneapolis 8  p.m. 


81 
71 
86 
72 
86 
77 
81 
81 
64 
74 


TM4  X. 

Number  of  Days  wUk  $.01 

Inch 

Stations 

II 

•-» 

1 

1 
a 

t 

< 

a 

1 

1 

1 

1 

1 

1 

1 

I 

Lckt    of    tkg    Woods 
^Gromp— 

Tower 

RMdRiwerVaiUyGnmp^ 
St.Vtnoent.Pembtna... 
Craokston 

9 

25 
14 
28 

14 

15 
14 

14 
38 

36 
15 
12 
10 
38 

14 

12 
10 

18 
14 
15 
11 
11 

14 
14 
14 

14 

14 
16 
13 

15 
13 
14 
11 

5 

10 
10 

11 

4 

6 

4 
9 

7 

4 
6 

4 
9 

8 
5 

4 
5 

8 

5 

3 

4 

7 
5 

4 
5 

4 

5 

3 
5 

3 

4 
4 
8 

4 
4 
3 
2 

6 

7 
5 

8 

10 
7 
8 

5 

10 

10 
7 
6 
6 

10 

7 
5 
6 

9 
8 
6 
6 
5 

7 
6 

7 

5 

6 
6 
11 

5 

4 
5 
3 

5 

7 
6 
9 

9 
6 
6 

5 

9 

10 

7 

6 

7 

10 

8 
6 
6 

9 

7 
6 
6 
6 

7 
7 
7 

5 
8 
7 
9 

6 
6 
5 
5 

8 

8 

8 
11 

11 
10 
10 

9 
12 

12 
12 
9 
11 
12 

11 
10 
12 

12 
10 
9 
8 
8 

11 
10 
9 

9 
10 
11 
12 

10 

11 

8 

6 

9 

11 
10 
12 

13 
10 
10 

11 
14 

12 
9 
11 
10 
12 

10 

9 

11 

12 
12 
10 
9 

7 

11 
10 
11 

9 
11 
12 
IS 

8 
10 
9 
5 

10 

10 

8 

10 

11 
9 
10 

10 
12 

10 
9 

7 

7 

10 

9 

7 
9 

9 
10 
8 
8 
7 

8 
8 
8 

7 
8 
9 
11 

7 

14 

7 

6 

8 

9 
8 
9 

10 
8 

10 

9 
12 

9 
8 
6 

7 
10 

9 
7 
9 

9 

10 
8 
7 
6 

8 
8 
8 

6 

8 
9 
11 

7 
8 
8 
5 

10 

8 

6 
8 

9 

7 
9 

9 
12 

10 
8 
8 
8 
9 

9 
6 

7 

8 
9 
7 
6 
5 

8 
8 
7 

6 

8 

7 

10 

7 
6 
6 

4 

7 
10 

5 

11 

5 

7 
4 
8 

8 
6 
6 

6 

11 

10 
6 

4 
5 
9 

5 

2 

4 

8 
5 

4 
5 
6 

4 
3 
5 

3 
3 

4 
10 

3 

4 
3 

1 

82 

94 

71 

Moorfaead 

Upper  Mississippi  Rsmt 
VoUsy  Croup— 

Lake  w£iibJsodU^ .' .' ! 

Sandy  Lake  Dam 

Uks  Supsrior  GromP^ 
MLlnm 

107 

112 
83 
95 

85 

Dulttth 

Lower  Mississippi  Riosr 

La  Croeae.  WttTT 

Giand  Meadow 

St.  Charles 

132 
120 

Red  Wins 

82 

St  Fan! 

lovtr    Minnesota   Riper 

Vottey  Group— 
Shakooeo .. a ......... . 

114 
92 

stTpSSr... :;;:;::::;: 

66 

Winnebaoo 

MiddleMississippi  Rieer 

and  St.  Croix  Vaileys 

Croup — 
Minneapolis 

82 
107 

CoUe^KviUe 

96 

Pine'lUver  Dam 

Osceola.  Wis 

76 
79 

Upper   Mtnnesota  RietT 

Nj:iffi;.'?^.r: 

68 
86 

BtH  Island 

78 

Milan 

84 

Minnesota  Rieer  Water- 
shed Group^- 
New  London 

65 

Lnnir  Prairie ........... 

82 

Morris 

83 

123 

Southwestern  Croup— 
Psirmont 

69 

w^rthinirton 

80 

L^?^^r^. :.::::;:: 

64 

Cary,  S.  D 

47 
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CHAPTER  III 

SURFACE  GEOLOGY 
ROCK  AREAS 

The  areas  in  which  rock  is  so  exposed  as  to  render  the  land  untill- 
able  are  largely  in  the  northeast  quarter  of  the  State,  or  along  ralleys 
in  the  southeast  quarter.  The  northwest  quarter  is  estimated  to  have 
less  than  10  square  miles  of  bare  rock  outcrop,  and  the  southwest  scarcely 
100  square  miles.  It  is  doubtful  if  there  is  an  area  of  1,000  square 
miles  in  the  entire  State  in  which  the  plow  would  generally  strike  into 
rock  ledges.  The  rock  areas  thus  form  a  much  smaller  percentage  of 
the  State  than  the  lake  areas.  The  rock  areas  of  the  northeast  part  are 
chiefly  rock  bosses  standing  above  the  surrounding  land,  but  the  beds  of  the 
streams  that  lead  directly  down  to  Lake  Superior  are  also  usually  on  rock 
ledges.  Among  the  rock  knobs  are  some  depressions  covered  only  with 
moss  and  peaty  material,  glacial  material  being  wanting,  but  ordinarily 
some  glacial  material  is  present  and  nearly  all  the  land  has  soil  enough 
over  the  bedrock  to  support  a  rich  forest  growth.  Many  of  the  knobs 
preserve  the  smooth  surface  left  by  the  scouring  effect  of  the  ice  sheet  and 
are  nearly  destitute  of  vegetation.  But  certain  others  have  become  disin- 
tegrated to  a  depth  of  several  inches  or  even  to  several  feet  from  the  sur- 
face and  are  supporting  growths  of  vegetation  of  considerable  density. 

The  rock  areas  of  the  southwest  part  of  the  State  are  largely  of 
Sioux  quartzite  which  in  places  comes  to  the  surface  over  areas  of  sev- 
eral square  miles.  The  rocks  have  scarcely  enough  soil  over  them  to 
support  the  scanty  vegetation.  There  are  a  few  small  areas  of  granite 
knobs  along  the  Minnesota  Valley  from  Bigstone  Lake  down  to  New 
Ulm.  In  the  driftless  area  and  part  of  the  drift-covered  area  in  south- 
eastern Minnesota  rock  ledges  of  limestone  and  sandstone  outcrop  along 
the  steep  slopes  of  the  valleys,  often  forming  walls  of  considerable  height 
Rock  is  rarely  exposed  along  the  stream  beds  and  valley  bottoms.  The 
uplands  and  the  higher  parts  of  the  slopes  of  the  valleys  even  in  the 
driftless  area  usually  have  several  feet  of  residuary  clay  and  also  a 
coating  of  loess  or  wind-deposited  silt  loam  covering  the  rock  forma- 
tions and  rendering  the  land  tillable. 

THE  EARTHY  MANTLE 
GENERAL   STATEMENT 

The  variety  of  earthy,  sandy,  and  gravelly  unconsolidated  deposits 
which  cover  the  rocky  floor  of  Minnesota  were  formed  or  deposited  by 

30 
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ROCK  AREAS  31 

different  agencies  and  at  different  times.    They  may  be  grotiped  as  fol- 
lows: 

First.    Residuary  material. 

Second.    Wind  deposits. 

Third.    Glacial  deposits. 

Fourth.    Stream  deposits. 

Fifth.    Lake  deposits. 

SESn>UAftY   If  ATBUAL 

The  residuary  material,  as  its  name  implies,  has  been  left  as  a  residue 
during  the  breaking  down  or  decay  of  the  surface  rocks  through 
weathering  and  solution.  On  limestones  it  is  usually  a  dark,  reddish 
brown,  gummy  clay,  but  on  sandstones  and  crystalline  rocks  it  is  usually 
granular  and  loose-textured.  There  is  but  a  small  part  of  Minnesota, 
chiefly  in  the  southeastern  counties,  where  residuary  material  is  within 
reach  of  the  plow.  It  occurs  there  on  the  upper  part  of  the  slopes  of 
the  valleys  and  on  the  narrow  upland  strips  between  valleys,  but  is  usu- 
ally covered  by  loess. 

WIND  DEPOSITS 

Loess. — ^The  wind-deposited  material  known  as  loess  is  largely  a  fine 
silt  loam,  which  forms  the  surface  in  an  area  in  the  southeast  part  of 
the  State  embracing  much  of  Goodhue,  Olmsted,  Wabasha,  Winona,  Fill- 
more, and  Houston  counties  and  parts  of  Mower,  Dodge,  Rice,  and  Da- 
kota counties.  It  covers  a  small  tract  in  the  southwest  part  of  the 
State  in  Rock,  southern  Pipestone,  and  western  Nobles  counties.  In  the 
southeastern  counties  it  rests  in  part  on  glacial  drift  deposits  and  in 
part  on  the  residuary  clay  and  rock  formations  of  the  driftless  area. 
In  the  southwestern  part  it  covers  glacial  deposits.  In  the  southeast 
district  its  border  is  very  irregular,  there  being  long  strips  of  loess-cov- 
ered land  projecting  westward  or  northwestward  into  the  region  free  from 
loess,  and  also  long  strips  free  from  loess  extending  eastv\rard  into  the 
loess-covered  tracts.  The  condition  there  is  such  as  might  result  from 
the  presence  or  absence  of  vegetation  giving  different  degrees  of  protec- 
tive power  from  the  wind ;  areas  with  dense  vegetation  being  able  to  hold 
dust  that  settled  from  the  atmosphere  while  bare  ones  allowed  it  to  be 
gathered  up  and  carried  on. 

Wind-blavun  sand. — ^Wind-blown  sand  is  also  an  important  deposit.  It 
embraces  a  district  east  of  the  Mississippi  from  Minneapolis  up  to  Brain- 
erd.  It  is  narrow  above  St.  Cloud,  but  below  that  city  extends  east- 
ward to  the  St.  Croix  River.  The  sand  does  not,  however,  cover  the  en- 
tire surface  in  this  area.  Where  present  it  rests  upon  glacial  deposits. 
It  has  low  ridges  seldom  20  feet  and  usually  10  feet  or  less  in  height. 
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There  is  more  or  less  wind-drifted  sand  in  the  sandy  parts  of  the  St. 
Louis  River  Drainage  Basin,  but  it  is  sparingly  developed  compared  to 
that  m  the  district  between  the  Mississippi  and  St.  Croix  rivers.  Wind- 
blown sand  occurs  also  in  Aitkin  County  in  the  vicinity  of  McGregor  and 
also  in  the  northeastern  part  of  the  county  in  island-like  tracts  that  are 
surrounded  by  marshes.  There  are  numerous  small  areas  of  such  sand 
scattered  over  the  State,  ^ome  of  them  being  along  the  shores  of  the 
glacial  Lake  Agassiz. 

GLACIAL  DEPOSITS 

The  glacial  deposits  extend  over  the  entire  State  except  eastern  Wi- 
nona County  and  the  greater  part  of  Houston  County,  which  are  in  the 
driftless  area  of  the  upper  Mississippi.  They  underlie  the  wind- 
deposited  sands  and  much  of  the  loess  area.  They  also  underlie  stream 
deposits  and  lake  sediments.  The  glacial  deposits  are  separable  into  till 
or  bowlder  clay  in  which  stones,  clay,  and  sand  are  closely  commingled, 
and  into  sand  or  gravel  beds  which  show  some  assorting  and  bedding 
by  water  action.  The  percentage  of  stony  material  varies  greatly  and 
the  matrix  also  shows  variations  from  compact  clay  to  loose  sand.  These 
variations  are  to  be  expected  in  a  deposit  that  had  been  formed  from  the 
dirt  and  stones  included  in  an  ice  sheet.  Every  observing  farmer  has 
probably  noted  and  perhaps  speculated  upon  the  cause  for  these  variations 
in  the  drift  deposits  which  form  the  basis  for  so  large  a  part  of  the 
Minnesota  soil.  The  assorted  sand  and  gravel  beds  are  largely  due  to 
waters  escaping  from  the  melting  ice  and  many  of  them  may  be  traced 
up  to  a  moraine  which  marked  the  position  of  the  ice  border  at  the 
time  they  were  laid  down.  They  show  a  decrease  in  coarseness  in  pass- 
ing away  from  the  edge  of  the  moraine,  the  coarse  material  having  been 
dropped  close  to  the  edge  of  the  ice  and  only  the  fine  carried  to  a  great 
distance  outside. 

The  glacial  deposits  also  show  some  variations  that  relate  to  the 
kind  of  rock  formations  over  which  the  ice  passed.  Thus,  the  north- 
eastern portion  of  the  State  has  a  rather  stony  drift  from  the  volcanic 
and  hard  crystalline  rocks  of  that  region.  This  stony  material  was  car- 
ried as  far  south  as  Dakota  County  and  forms  the  red  drift  of  eastern 
and  northeastern  Minnesota.  The  western  and  southern  parts  of  the 
State  have  a  large  amount  of  clayey  drift  material  with  limestone  pebbles 
imbedded.  This  material  was  gathered  by  this  ice  as  it  passed  across  in 
its  southward  course  from  the  shales  and  limestone  of  southern  Mani- 
toba, that  greatly  dominate  there  over  the  granhe  and  other  crystalline 
rocks.  These  clayey  and  limy  deposits  form  what  is  known  as  the  gray 
Hrift  of  Minnesota. 
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STREAM  DEPOSITS 

The  stream  deposits,  being  restricted  to  the  valleys,  are  of  limited 
area,  though  in  such  valleys  as  the  Minnesota  and  Mississippi  they  are 
locally  several  miles  in  width  and  form  important  agricultural  belts.  On 
the  Minnesota  and  the  part  of  the  Mississippi  below  the  confluence  with 
the  Minnesota  the  deposits  made  by  the  rivers  are  sand  or  silt.  On 
the  Mississippi  above  the  mouth  of  the  Minnesota  the  deposits  range 
from  sand  to  coarse  cobble  and  bowlders  in  correspondence  with  the 
swiftness  of  the  stream.  On  nearly  all  the  tributaries  of  the  Mississippi 
and  Minnesota  the  streams  are  able  to  carry  coarse  as  well  as  fine  mate- 
rial. Along  the  Red  River  a  considerable  amount  of  fine  clay  and  clay 
loam  has  been  deposited  in  seasons  of  flood  on  the  plains  outside  the 
immediate  river  channel.  Because  of  the  flatness  of  the  surface  many  of 
the  small  tributaries  of  Red  River  have  been  unable  to  maintain  courses 
clear  through  to  the  river,  and  so  have  dropped  their  deposits  where  the 
gradient  became  too  low  for  the  stream  to  carry  them  farther.  The  de- 
posits made  by  glacial  streams  or  those  which  had  their  sources  at  the 
edge  of  the  ice  and  were  receiving  much  of  their  water  from  the  melting 
ice,  now  appear  usually  as  terraces  along  the  valleys  above  the  limits 
of  floods.  From  the  fact  that  the  glacial  rivers  were  of  greater  volume 
these  deposits  are  generally  composed  of  sandy  and  gravelly  material 
somewhat  coarser  than  that  carried  by  the  present  rivers. 

LAKE  DEPOSITS 

The  lake  deposits  consist  of  fine  sediments  washed  into  the  deep  parts 
of  the  lakes  and  sandy  and  pebbly  deposits  washed  up  and  formed  into 
beaches  along  the  shores.  In  parts  of  the  lakes  where  the  glacial  deposits 
which  they  covered  were  pebbly  and  the  water  was  shallow  enough  for 
wave  action,  there  was  a  concentration  of  stony  material  by  the  washing- 
out  of  the  finer  material.  By  this  process  considerable  areas  of  the 
bed  of  Lake  Agassiz  were  covered  by  very  pebbly  beds  several  inches 
in  depth.  They  are  classed  on  the  map  of  northwestern  Minnesota  as 
"lake-washed  till."  In  the  narrow  strip  along  the  shore  of  Lake  Superior 
that  was  covered  by  the  waters  of  a  glacial  lake  known  as  Lake  Duluth, 
grkvelly  and  cobbly  beaches  were  formed  at  several  successive  levels, 
while  fine  material  was  washed  down  into  the  deeper  parts  of  the  basin 
covered  by  the  present  lake. 

In  the  Red  River  Basin  and  to  a  slight  extent  at  the  west  end  of 
the  Superior  Basin  there  are  fine  sediments  of  considerable  depth  which 
had  a  close  relation  to  the  melting  ice  and  yet  are  not  in  all  places  clearly 
separable  from  the  lake  sediments  of  later  date.  While  including  masses 
of  till  or  bowlder  clay  and  nests  of  bowlders,  they  are  largely  of  fine 
silt  which  was  laid  down  at  the  ice  margin  in  the  lake  where  the  ice 
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BULLETIN    12,   PLATE   IV 


A.      RIVER   SCENE    AT   ROSEAU,    MINNESOTA 


13.       WHEAT   FIELD  ON   CLAY   PLAIN    ON    BED   OF  LAKE  AGASSIZ 
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C.      HOMESTEAD  ON   CLAY   PLAIN   ON    BED  OF    LAKE  AGASSIZ 
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sheet  terminated.  The  supply  of  material  in  such  cases  was  from  the 
ice  instead  of  from  the  washing-in  of  material  from  the  land  outside* 
The  great  brickyards  at  Wrenshall  in  Carlton  County  obtain  their  ma- 
terial from  silt  deposits  of  this  sort. 

THE  GLACIAL  FEATURES 

It  has  been  found  through  a  study  of  the  deposits  in  Minnesota  and 
neighboring  states  that  the  glacial  deposits  which  form  so  extensive  a 
mantle  in  Minnesota  are  the  result  of  more  than  one  invasion  of  the 
ice  from  the  Canadian  highlands.  At  each  invasion  the  ice  left  a  de- 
posit of  drift  gathered  partly  from  Canada  and  partly  from  the 
deposits  over  which  it  passed  in  Minnesota.  The  advances  were 
so  widely  separated  in  time  that  the  drift  deposits  of  one  invasion  had 
large  valleys  cut  in  them  by  the  action  of  streams  before  the  next  invasion 
occurred.  The  later  advances  failed  to  cover  some  parts  of  the  earlier 
deposits,  so  they  are  still  exposed  to  view,  and  the  degree  of  erosion  of 
the  surface  of  the  older  can  be  compared  with  that  on  the  surface  of  the 
younger  deposits.  It  is  found  that  the  older  drift  deposits  have  been  so 
greatly  eroded  and  are  so  ramified  by  drainage  lines  that  no  lakes  of 
undrained  basins  remain  on  them,  while  the  younger  drift  deposits 
have  numerous  lakes  and  undrained  basins  and  also  large,  poorly  drained 
areas  which  the  streams  have  not  yet  reached.  It  is  because  they  are 
not  covered  by  the  latest  drift  that  Rock  and  Pipestone  counties  in  south- 
western Minnesota,  and  Goodhue,  Dodge,  Wabasha,  Olmsted,  Winona, 
Fillmore,  and  Mower  counties  in  southeastern  Minnesota  have  no  lakes 
and  basins  such  as  characterize  neighboring  counties  that  were  covered  by 
that  drift 

The  invasions  of  the  ice  into  Minnesota  not  only  took  somewhat  dif- 
ferent paths  but  have  come  from  more  than  one  direction.  In  the  earlier 
invasions  the  greater  part  of  the  State  was  covered  by  ice  coming  from 
Manitoba  as  shown  by  limestones  derived  from  rock  formations  of  that 
country  which  are  imbedded  in  the  lower  part  of  the  drift  over  all  of  the 
State  except  its  northeast  part,  and  also  in  the  drift  of  western  Wiscon- 
sin. The  movements  in  the  closing  stage  of  the  glacial  epoch  were  more 
largely  from  the  northeast,  there  being  an  extension  of  ice  southwestward 
from  the  Superior  Basin  nearly  to  Mille  Lacs  Lake,  and  an  extensive 
southward  movement  from  the  highlands  northwest  of  Lake  Superior  to 
points  a  little  beyond  St.  Paul.  But  even  in  this  closing  stage  the  ice 
from  Manitoba  covered  much  more  than  half  of  the  State  and  on  the 
melting-away  of  the  ice  that  came  from  the  northern  highlands  extended 
over  some  of  the  ground  that  ice  had  vacated.  This  is  known  from 
the  presence  of  a  thin  deposit  of  clayey  and  limy  drift  containing  rock 
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material  brought  from  Manitoba  over  parts  of  the  drift  that  was  de- 
posited by  ice  coming  from  the  highlands  northwest  of  Lake  Superior. 
The  drift  from  these  highlands  together  with  that  from  the  Lake  Supe- 
rior Basin  forms  the  stony  red  drift  of  eastern  Minnesota,  while  that 
from  Manitoba  forms  the  clayey  and  limy  gray  drift  which  covers  almost 
all  of  the  remainder  of  the  State. 

That  the  ice  mass  moved  in  different  directions  at  different  times  in 
certain  parts  of  the  State  is,  further  shown  by  striations  or  ice  markings 
on  the  surface  of  the  rock  ledges.  In  the  district  east  and  south  of  the 
Lake  of  the  Woods  a  set  of  glacial  grooves  or  ice  markings  bears  west 
of  south,  while  a  newer  set  crosses  them  in  an  eastward  or  southeast-t 
ward  direction.  The  older  set  was  formed  by  ice  moving  into  Minnesota 
from  the  highlands  that  lie  between  Lake  Superior  and  Lake  Winnipeg, 
while  the  younger  set  was  formed  by  ice  moving  into  the  State  from 
Manitoba.  In  North  Minneapolis  there  are  rock  ledges  on  which  the 
glacial  grooves  have  three  courses;  first,  a  southeastward  course  at  the 
time  when  the  old  gray  drift  which  came  from  the  northwest  was  brought 
in ;  second,  a  southward  course  at  a  time  when  the  red  drift  which  came 
from  the  north  was  deposited;  third,  an  eastward  course  at  the  time 
when  the  ice  from  the  northwest  advanced  over  land  that  had  been 
vacated  by  the  ice  which  deposited  the  red  drift. 

GLACIAL  LAKE  FEATURES 

Minnesota  contains  parts  of  the  beds  of  two  large  glacial  lakes: 
Lake  Duluth,  which  occupied  the  western  part  of  the  Superior  Basin, 
and  Lake  Agassiz  which  occupied  the  Red  River  Basin.  Lake  Duluth 
covered  a  narrow  strip  along  the  shore  of  Lake  Superior  and  extended 
a  few  miles  beyond  the  west  end  of  Lake  Superior  into  eastern  Carlton 
County,  Minnesota.  Its  highest  stages  were  about  500  feet  above  the 
present  surface  of  Lake  Superior.  Lake  Agassiz  extended  as  far  south 
as  Lake  Traverse,  where  it  discharged  past  Brown  Valley  to  the  Minne- 
sota. Its  border  is  only  from  20  to  30  miles  east  from  the  North  Dakota- 
Minnesota  line  from  Lake  Traverse  northward  to  Polk  County.  About 
20  miles  east-southeast  of  Crookston  it  makes  an  abrupt  eastward  turn 
and  continues  eastward  past  the  south  side  of  Red  Lake  and  on  across 
Koochiching  County  into  St.  Louis  County  as  far  as  the  valley  of  Little 
Fork  River.  It  then  turns  northward  and  enters  Canada  from  north- 
eastern St.  Louis  County.  There  were  several  islands  in  it  in  northern 
St.  Louis  County. 

The  western  or  prairie  portion  of  this  lake  area  was  studied  by  War- 
ren Upham^  some  thirty  years  ago,  and  his  monograph  on  the  glacial 

1  Monograph  XXV,  U.  S.  Geological  Survey. 
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Lake  Agassiz  contains  a  large  body  of  important  data  on  this  region.  In 
this  monograph  an  island,  called  Beltrami  Island,  is  represented  to  cover 
a  large  area  north  of  Red  Lake.  This,  however,  is  now  known  to  have 
been  covered  by  Lake  Agassiz,  its  highest  points  being  bars  of  gravel 
and  sand  in  the  lake. 

There  were  also  small  glacial  lakes  in  other  parts  of  Minnesota  where 
waters  were  temporarily  ponded  in  front  of  the  ice.  These  will  be  men- 
tioned in  the  description  of  the  counties.  None  of  them,  however,  fall 
within  the  limits  of  the  northwest  quarter  of  the  State. 

The  most  prominent  features  of  the  two  great  glacial  lakes.  Lake 
Agassiz  and  Lake  Duluth,  are  the  beaches  or  ridges  of  sand  and  gravel 
washed  up  along  their  shores.  The  shores  of  Lake  Agassiz  stand  high 
and  dry  above  the  flat  parts  of  the  lake  bed  between  or  below  them  and 
form  excellent  lines  for  highways.  For  this  reason  much  of  the  pioneer 
settlement  and  travel  was  along  these  ridges.  They  generally  stand  from 
5  to  10  feet  above  the  bordering  plains  and  occasionally  from  15  to  20 
feet.  On  the  inner  or  lakeward  side  they  are  generally  more  prominent 
than  on  the  outer  or  landward  side.  This  is  due  in  part  to  the  original 
slope  toward  the  center  of  the  lake,  but  there  is  also  a  tendency  for 
a  lake  to  eat  back  into  the  bordering  land  and  throw  its  coarser  mate- 
rial up  on  the  edge  of  the  plain  outside ;  at  the  same  time  the  fine  mate- 
rial is  carried  in  suspension  from  the  shore  into  the  deeper  water. 

The  levels  of  these  glacial  lakes  were  lowered  from  time  to  time, 
partly  by  the  cutting-down  of  the  outlets  and  partly  by  an  uplift  of  this 
region  which  caused  the  water  to  fall  away  where  the  land  rose.  There 
was  also  a  change  of  outlet  in  Lake  Agassiz  from  the  southern  end  to 
the  northern  and  in  Lake  Duluth  from  the  southward  outlet  into  the 
St.  Croix  River  to  an  eastward  outlet  into  the  Lake  Huron  Basin.  As 
a  result  shore  lines  were  formed  at  various  levels  on  the  slopes  of  the 
old  lake  beds.  As  a  result  of  the  gradual  lowering  of  the  water  level 
the  greater  part  of  the  beds  of  these  glacial  lakes  has  at  some  time  been 
subjected  to  wave  action.  This  has  produced  a  widespread  pebbly  coat- 
ing which  is  a  concentrate  from  the  washing  of  the  surface  of  the  bowl- 
der clay  and  the  carrying-away  of  its  finer  material.  Where  the  bowlder 
clay  was  sandy,  the  sand  as  well  as  stones  remain,  but  where  it  was 
clayey  there  is  often  a  clear  bed  of  pebbles  2l\  few  inches  in  depth  cover- 
ing tfie  clayey  till  subsoil.  The  deep  part  of  Lake  Agassiz  along  the 
borders  of  Red  River  received  nearly  all  the  fine  sediment  which  was 
washed  out  from  the  till  at  higher  levels.  This  forms  the  bulk  of  the 
rich  black  clay  and  clay  loam  of  the  Red  River  Basin.  At  its  eastern 
border  15  to  25  miles  from  Red  River  there  is  a  transition  to  sand. 
This  is  succeeded  within  2  to  5  miles  east  by  stony  sandy  deposits  which 
seem  to  be  a  glacial  material  worked  over  by  the  lake. 
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GENERAL  SOIL  CONDITIONS 

Soil  is  composed  of  materials  derived  from  the  subsoil  and  mixed  with 
organic  matter.  Subsoil  is  the  weathered  and  disintegrated  top  of  the 
subjacent  geological  formation.  For  its  qualities  and  composition  the 
soil  of  a  given  region  therefore  depends  quite  closely  upon  the  nature 
of  the  geological  formations  there  exposed.  In  Minnesota  the  land 
mantle  of  glacial  and  lake  deposits  affords  a  well-mixed  and  rich  supply 
of  materials  suited  for  soil-making.  This  is  particularly  true  where  it 
consists  of  till  or  bowlder  clay  in  which  all  classes  of  material  are  loosely 
but  thoroughly  mixed.  This  contrasts  with  soils  in  which  there  is  too 
much  tmiformity  and  which,  when  of  water-washed  sand  or  gravel,  are 
often  deficient  in  fine  material.  On  the  other  hand,  the  loess  and  the 
lake  silts,  though  of  somewhat  uniform  texture,  make  rich  soils  be- 
cause of  the  variety  of  finely  divided  minerals  which  they  contain. 

The  soil  and  its  productiveness  depend  largely  upon  the  drainage  con- 
ditions. A  soil  of  clay  or  clay  loam  over  gravel  or  loose  sand  suffers 
in  time  of  deficient  rainfall,  while  a  soil  renting  upon  heavy  clay  may  be 
drowned  out  unless  surface  drainage  is  perfectly  adjusted.  For  this 
reason  the  geologic  formation  underlying  a  soil  is  of  great  importance. 
Soil  underlaid  by  limestone,  by  loess,  or  by  a  till  consisting  of  a  light 
clay,  or  a  heavy  loam  will  stand  great  variation  in  rainfall  and  still  be 
highly  productive.^  In  some  parts  of  the  State  the  surface  drainage  is 
naturally  well  developed,  while  in  other  parts  it  needs  to  be  greatly  supple- 
mented by  tile  draining  or  surface  ditching. 

In  the  Drif tless  Area  the  drainage  is  everywhere  complete,  for  nearly 
every  acre  slopes  toward  some  drainage  line.  In  the  old  drift  also  there 
are  few  undrained  areas  and  tiling  or  surface  ditching  is  seldom  neces- 
sary. In  the  young  drift  there  are  many  basins,  and  undrained  depres- 
sions and  drainage  lines  are  not  well  distributed  over  the  surface.  Ex- 
cept, therefore,  where  the  material  is  loose  enough  for  the  rainfall  to  be 
absorbed  completely  the  young  drift  areas  need  considerable  ditching  and 
tiling.  In  the  bed  of  Lake  Agassiz,  although  basins  and  depressions  are 
rare,  there  are  wide  areas  in  which  the  surface  is  very  flat  and  extensive 
and  systematic  ditching  is  required  to  keep  the  land  from  being  flooded. 

VEGETATION 

The  condition  of  the  soil  depends  to  some  degree  upon  the  character 
of  the  vegetation  which  has  covered  it.  In  prairie  districts  there  is  a 
more  uniform  exposure  to  weathering  agencies  than  in  forested  districts 
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and  consequently  a  more  uniform  soil  is  developed  on  a  given  deposit. 
On  the  whole,  leaching  of  lime  seems  to  be  less  rapid  on  prairies  than 
in  forests  so  that  in  the  newer  drift  limestones  are  often  present  at  the 
surface  in  prairies,  but  in  the  forested  areas  limestones  are  usually  dis- 
solved out  to  a  depth  of  some  inches  and  often  to  some  feet  from  the 
surface.  On  the  older  drift  the  limestone  is  generally  removed  to  a 
depth  of  several  feet  both  in  prairie  and  forest,  but  the  leaching  is  per- 
ceptibly deeper  in  the  forested  areas.  The  rate  of  erosion  and  removal  of 
soil  is  more  uniform  in  prairie  than  in  forested  tracts.  It  takes  more 
force  to  dislodge  the  trees  than  the  grassy  v^etation  on  hillside  slopes, 
and  erosion  in  the  forests  is  likely  to  become  concentrated  in  occasional 
gullies,  whereas  on  prairies  there  are  many  small  channels  developed  on 
every  hillside  which  serve  to  break  it  down  rapidly.  On  the  whole,  there- 
fore, erosion  is  greater  but  leaching  is  less  in  prairie  than  in  forested 
areas. 

The  forests  occur  only  on  protected  slopes  in  much  of  southern  Min- 
nesota and  are  absent  from  such  slopes  in  much  of  the  western  part 
of  the  State  (Fig.  14).  In  the  central  and  northeastern  parts  they  cover 
plains  or  uplands  as  well  as  valley  slopes.  The  muskegs,  which  have 
a  scanty  forest  growth,  are  developed  chiefly  in  the  northern  half  of  the 
State  and  chiefly  within  the  forested  area. 

WEATHERING 

There  are  parts  of  the  newer  drift  in  which  fresh  material  is  close 
to  the  surface  so  that  they  can  scarcely  be  said  to  have  a  subsoil  different 
from  the  drift  sheet  as  a  whole.  There  are  also  places  on  valley  slopes 
in  the  older  drift  where  unweathered  material  is  close  to  the  surface,  be- 
cause erosion  keeps  pace  with  the  weathering  of  the  drift.  At  most 
places,  however,  the  older  drift  has  a  mantle  of  weathered  material  sev- 
eral feet  in  thickness,  while  that  of  the  younger  drift  is  only  one  or  two 
feet  thick.  In  this  the  feldspar  and  other  minerals  are  disintegrated  and 
made  ready  for  plant  food. 

Weathering  in  the  loess-covered  areas  is  moderately  deep,  as  it  is  in 
the  older  drift.  The  entire  deposit  of  loess,  however,  is  of  fine  texture 
and  is  found  to  be  very  fertile  from  top  to  bottom. 

LIME 

While  most  of  the  soils  of  the  northwestern  part  of  the  State  seem 
abundantly  supplied  with  lime,  it  is  probable  that  some  of  the  more  sandy 
ones  would  give  a  sufficiently  greater  yield  of  certain  crops  to  make  it 
profitable  to  purchase  some  form  of  lime  if  this  could  be  obtained  at  a 
low  price.    Usually  when  a  soil  needs  lime,  it  is  advisable  to  apply  one 
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ton  or  more  of  ground  limestone  or  marl  per  acre.  If  this  has  to  be 
shipped  any  considerable  distance,  the  freight  charges  may  greatly  exceed 
the  cost  of  the  material  on  board  of  the  cars  at  the  point  of  shipment. 
For  this  reason  it  is  important  to  locate  a  supply  as  near  as  possible  to 
the  place  where  it  is  to  be  used. 

Lime  occurs  abtmdantly  in  two  forms  in  Minnesota:  as  bog-lime  or 
marly  and  as  limestone.  The  marl  is  unconsolidated  and  easily  pulverized. 
It  needs  no  crushing  or  grinding.  Limestone  is  consolidated  and  must 
be  crushed  or  ground  for  use  on  fields. 

Marl  is  fotmd  in  Minnesota  In  many  lakes  and  under  some  bogs  that 
have  been  lakes.  It  is  of  most  frequent  occurrence  in  the  central  and 
north  central  part  of  the  State.  It  lies  always  in  low  wet  ground  and 
can  be  found,  as  a  rule,  only  by  boringf  or  ditching.  It  is  a  soft,  white 
or  gray,  chalky  material.  Since  it  needs  no  crushing  or  grinding,  the 
cost  of  the  marl  is  in  the  finding,  ditching  and  draining,  or  drying  of 
it.  Deposits  from  1  to  10  feet  in  thickness  and  covering  from  1  to  100 
acres  are  known  to  be  of  common  occurrence. 

Limestone  formations  outcrop  in  the  bluffs  along  the  Mississippi  and 
its  tributaries  in  southeastern  Minnesota.  The  formations  lie  horizon- 
tally and  are  of  wide  extent,  or  practically  continuous .  for  many  miles. 
Limestone  formations  100  feet  or  more  thick  extend  along  the  valleys 
from  the  southeastern  comer  of  the  State  to  Stillwater,  Minneapolis, 
Mankato,  Austin,  and  intermediate  points.  An  inexhaustible  supply  of 
limestone  is  easily  found  in  outcrops  that  are  high,  so  that  quarrying, 
crushing,  and  loading  can  all  be  done  in  a  down-hill  direction,  the  cost 
of  production  being  thereby  lessened. 
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CHAPTER  V 

AGRICULTURAL  CONDITIONS  AND  LAND  CLASSIFICATION 
IN  THE  NORTHWEST  QUARTER  OF  MINNESOTA 

GENERAL  STATEMENT 

The  area  embraced  in  this  report  covers  northwestern  Minnesota  as 
far  eastward  as  the  94th  meridian  and  southward  to  the  median  line  of 
the  State  which  is  near  latitude  46^  25^.  It  embraces  about  24,000  square 
miles  outside  of  Lake  of  the  Woods.  The  greater  part  is  tributary  to 
Hudson  Bay,  only  5,600  square  miles  being  tributary  to  the  Mississippi 
River.  Nearly  sdl  of  this  Hudson  Bay  drainage  lies  in  the  bed  of  the 
glacial  Lake  Agassiz.  The  altitude  has  a  range  of  about  1,000  feet,  or 
from  750  to  1^50  feet,  the  highest  points  being  around  the  head  of  the 
Mississippi  River.  The  western  part  is  prairie  and  the  eastern  forested 
land,  the  line  between  forest  and  prairie  being  from  20  to  40  miles  east 
of  Red  River.  The  rainfall  ranges  from  21  to  28  inches,  being  lowest  on 
the  western  border  and  increasing  toward  the  southeastern. 

Settlement  began  earlier  on  the  prairie  portion.  Indeed,  much  of 
the  forested  portion  still  remains  unoccupied.  Likewise  large  swamp 
areas,  chiefly  in  the  eastern  part  of  the  bed  of  Lake  Agassiz,  await  arti- 
ficial drainage  before  they  can  be  occupied.  Four  of  the  great  railway 
systems,  the  Northern  Pacific,  Great  Northern,  Soo  Line,  and  Canadian 
Northern,  have  lines  traversing  northwestern  Minnesota  and  render  the 
greater  part  of  it  readily  accessible. 

In  general  the  supply  and  quality  of  well  waters  throughout  the  region 
is  good.  This  region  also  embraces  very  extensive  flowing  well  areas 
in  parts  of  the  Red  River  lowland  and  in  other  low  areas  farther  east. 

Valuable  data  on  the  extent  of  swamp  areas,  the  direction  in  which 
swamps  may  be  most  easily  drained,  and  other  matters  pertaining  to 
drainage  conditions,  may  be  obtained  from  the  reports  of  the  State  Drain- 
age Commission,  from  topographic  sheets  of  parts  of  Ottertail  and  Becker 
counties  by  the  United  States  Geological  Survey,  and  from  a  report  and 
map  of  a  drainage  survey  of  lands  in  the  region  south  of  Lake  of  the 
Woods,  published  as  House  Document  27,  Sixty-first  Congress,  First 
Session.  These  reports  and  maps  have  been  of  much  service  in  prepar- 
ing the  estimates  presented  below. 

DESCRIPTIONS  OF  COUNTIES 

In  the  descriptions  of  counties  the  first  county  taken  is  in  the  north- 
west comer  of  Minnesota,  and  following  this,  counties  to  the  east,  thence 
south  to  the  southeast  comer  of  the  area  embraced  in  this  report,  and 
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thence  westward  to  the  southwest  comer.  General  observations  con- 
cerning settlement  and  utilization  of  the  land  and  a  few  data  from  the 
census  of  1910,  as  well  as  the  results  of  the  land  classification  on  a  geo- 
logic basis,  are  presented. 

KITTSON   COUNTY 

Kittson  County  is  the  northwest  corner  county  of  Minnesota  and  lies 
entirely  within  the  limits  of  the  glacial  Lake  Agassiz.  As  a  consequence 
the  classes  of  land  are  restricted  to  lake  deposits  and  lake-washed  glacial 
deposits,  though  the  swamps  are  covered  to  considerable  extent  by  peat. 
The  following  percentages  of  each  class  of  land  have  been  computed  from 
field  maps.  Their  distribution  in  the  county  may  be  seen  by  reference 
to  the  general  map  (Plate  I)  accompan3ring  this  report. 

Percentages  of  Classes  of  Land  in  Kittson  County 

Per  cent 
Sq.  milei  of  county 

Black  clay  and  clay  loam,  lacustrine 463  41.7 

Sandy  deposits  of  old  lake  shores 175  15.7 

Stony  or  pebbly  sandy  loam,  lake- washed  drift 270  24.3 

Stony  or  pebbly  clay  loam,  lake- washed  drift 130  11.7 

Swamp  land 73  6.6 

Totals 1,111  100.0 

The  black  clay  and  clay  loam  of  the  Red  River  Valley,  being  a  highly 
productive  soil  with  no  forests  to  remove,  has  naturally  been  the  first  to 
be  taken  up  for  farms.  The  part  of  the  stony  clay  loam  which  borders 
the  black  day  loam  on  the  east  has  also  been  largely  settled  and  brought 
into  cultivation.  Its  texture  being  looser  than  that  of  the  black  clay 
loam,  it  is  more  easily  cultivated.  The  only  drawback  to  cultivation  is 
the  presence  of  surface  bowlders  which  in  parts  of  the  area  are  numer- 
ous. They  are  especially  abundant  north  of  Orleans  and  in  the  north- 
east part  of  the  county  between  Hemmington  and  Giribou,  and  in  the 
eastern  part  north  of  Pelan.  They  do  not  greatly  encumber  the  land 
in  the  southeast  part  of  the  county  or  in  the  district  southeast  of  Orleans. 

The  areas  of  stony  sandy  loam  have  a  variable  spil  ranging  from 
sandy  to  gravelly  and  embracing  many  patches  of  clayey  drift.  The 
large  ditches  which  traverse  the  area  show  abrupt  changes  from  bowlder 
clay  to  sand  or  gravel.  In  places  bowlder  clay  underlies  the  sandy  gravel 
at  a  depth  of  from  only  3  to  5  feet.  Such  areas  and  those  with  a  bowlder 
clay  soil  are  as  productive  as  either  of  the  clay  loams.  But  on  the  whole 
the  spotted  character  renders  this  class  of  soil  somewhat  inferior  to  the 
areas  of  clay  loam.    The  land  is  very  thickly  strewn  with  bowlders  in 
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the  district  between  Bronson  and  Pelan,  and  is  still  largely  in  a  wild  state. 
The  areas  in  the  northeast  part  of  the  county  and  northeast  of  Bronson 
have  only  a  moderate  ntunber  of  bowlders.  They  embrace  much  wet  land 
which  is  as  yet  only  partially  drained  by  artificial  ditches. 

The  sandy  land  varies  greatly  as  to  agricultural  conditions.  The  old 
shore  lines  are  rather  barren  because  of  the  relief  which  they  have  above 
the  bordering  plains  and  consequent  depth  of  the  water  table.  The 
sandy  plains,  for  a  few  miles  from  the  western  edge,  are  generally  un- 
derlaid by  clay  at  very  slight  depth  and  thus  have  a  water  table  sufR- 
ciently  near  the  surface  to  supply  moisture  for  the  crops.  In  fact  some 
of  the  sandy  land  on  the  immediate  border  of  the  black  clay  loam,  as 
already  noted  in  the  general  discussion  of  the  region,  is  preferred  as 
farm  land  because  of  its  loose  texture  and  easy  cultivation.  In  the  north- 
em  part  of  the  county  the  sandy  land  is  so  interspersed  with  marshes 
that  systematic  ditching  will  be  necessary  to  render  it  suitable  for  farm- 
ing. There  is  an  area  of  sandy  land  extending  from  Bronson  southward 
past  Halma  to  the  county  line  with  large  numbers  of  surface  bowlders, 
a  rather  rare  feature  on  so  sandy  a  soil.  The  presence  of  the  bowlders 
indicates  that  the  sand  may  be  largely  of  glacial  deposition.  The  produc- 
tiveness of  the  deposit  is  also  greater  than  in  the  ordinary  lake  sand. 
It  is  extensively  cultivated  for  potatoes  and  other  root  and  vegetable 
crops. 

The  swamp  lands  in  the  eastern  part  of  the  county  generally  have 
peat  and  black  muck  to  a  depth  of  from  3  to  6  feet  or  more,  beneath 
which  there  is  usually  a  clayey  glacial  deposit.  The  swamps  in  the  north- 
,ern  part  are  more  generally  underlaid  by  sand. 

Farm  and  Crop  Data  for  Kittson  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 52.3 

Percentage  of  farm  land  improved 77.2 

Average  acres  per  farm 307.5 

Average  improved  acres  per  farm 237.5 

Value  of  all  farm  property $13,730,520.00 

Percentage  of  gain  since  1900 110.3 

Average  value  of  a  farm $11,348.00 

Cereals  produced  in  1909 $2,043,887.00 

Other  grains  and  seeds. $91,269.00 

Hay  and  forage $179,805.00 

Vegetables  $41,007.00 

Fruits  and  nuts $727.00 

All  other  crops $17,400.00 

Total  crop  production  in  1909 $2,374,095.00 
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It  should  be  noted  that  the  prices  of  farm  lands  have  made  a  marked 
advance  since  1910,  so  that  the  average  value  for  the  bare  land  in  1914 
is  likely  to  be  nearly  $40.00  per  acre,  and  for  land  with  improvements 
fully  $50.00  per  acre.  The  black  clay  loam  of  the  western  part  of  the 
county  will  probably  now  average  nearly  $75.00  per  acre,  if  the  land 
carries  with  it  good  buildings  and  improvements. 

The  most  complete  settlement  is  on  the  black  clay  loam  and  the 
neighboring  tracts  of  sandy  land  and  stony  clay  loam  in  the  western 
part  of  the  county,  and  in  the  southeast  part  of  the  county  along  the 
Soo  Railroad.  But  farms  are  rapidly  being  developed  over  the  remainder, 
of  the  county  and  the  large  swamps  are  being  drained  preparatory  to 
settlement. 

ROSEAU  COUNTY 

Roseau  County  lies  next  to  the  Manitoba  line  and  extends  from  Kitt- 
son County  to  Lake  of  the  Woods.  It  is  entirely  within  the  limits  of 
the  glacial  Lake  Agassiz  and  consequently  has  soils  formed  from  lake  de- 
posits or  from  lake*washed  glacial  deposits.  There  is,  in  its  northwestern 
part,  a  considerable  area  of  lake  clay  and  clay  loam  with  black  soil  similar 
to,  and  yet  isolated  from,  the  area  of  black  clay  loam  of  the  Red  River 
Valley.  The  greater  part  of  the  county  has  soils  formed  on  lake-washed 
glacial  material.  Old  shore  lines  and  associated  sands  are,  however, 
conspicuous  in  the  southeastern  part  of  the  county,  and  such  a  shore 
line  is  followed  by  the  Great  Northern  Railroad  from  Greenbush  nearly 
to  Roseau.  There  are  very  extensive  swamps  in  the  northern  and  the 
southeastern  parts  of  the  county  on  which  considerable  ditching  has 
been  started  preparatory  to  settlement.  A  great  body  of  first-class  land 
extends  from  the  southwest  part  of  the  county  northeastward  past  Roseau 
to  the  south  fork  of  Roseau  River. 

The  following  estimated  percentages  of  each  class  of  land  were  com- 
puted from  field  maps.  The  general  map  accompan)nng  this  report  (see 
Plate  I)  sets  forth  their  distribution. 

Percentages  of  Classes  of  Land  in  Roseau  County 

Per  cent 
Sq.  miles  of  county 

Black  clay  and  clay  loam,  lacustrine 170  10.2 

Sandy  deposits  of  old  lake  shores 210  12.6 

Stony  or  pebbly  sandy  loam,  lake-washed  drift 270  16.1 

Stony  or  pebbly  clay  loam,  lake-washed  drift 470  28.1 

Swamp,  largely  peat  covered 550  33.0 


Totals  1,670  100.0 
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Much  of  the  area  of  black  clay  loam  in  the  northern  part  of  the 
county  is  under  cultivation  and  it  not  only  supports  the  three  settle- 
ments around  Pine  Creek,  Ross,  and  Duxby,  but  adds  materially  to  the 
prosperity  of  Roseau,  the  cotmty  seat.  The  areas  of  stony  and  pebbly 
clay  land  are  also  very  largely  under  cultivation  both  in  the  district  south- 
west from  Roseau  and  that  south  of  Warroad  and  Swift,  but  afe  more 
slowly  developing  in  the  district  southeast  of  Roseau  between  Falun  and 
Wannaska.    Bowlders  seldom  impede  cultivation  of  the  soil. 

In  the  vicinity  of  America  and  Clear  River  there  are  good  farms  with 
sandy  soil  covering  a  clay  subsoil.  In  places  the  sand  is  so  thin  that 
bowlders  of  the  glacial  material  are  only  partly  covered.  In  the  south- 
western part  of  the  county,  south  from  Greenbush,  on  each  side  of  the 
Great  Northern  Railway,  the  land  is  very  spotted,  some  farms  being 
largely  of  pebbly  clay  loam  and  others  chiefly  sandy  or  gravelly  loam. 
There  are  also  areas  of  clear  sand  and  gravel  extending  to  the  depth  of 
the  ditches,  3  to  5  feet  or  more. 

The  southeastern  borders  of  the  county  embrace  areas  of  productive 
land  among  the  swamps,  but  much  ditching  and  road-building  is  neces- 
sary there  in  order  to  make  conditions  suitable  for  successful  farming. 
The  areas  of  lake  sand  over  water-laid  moraine  (marked  on  map 
"LS  over  MW")  have  a  base  of  glacial  material  of  variable  constitution 
thinly  veneered  with  sandy  lake  material.  In  places  the  bowlders  of 
the  glacial  formation  are  visible,  though  usually  they  are  concealed  by 
the  sand. 

The  swamps  of  this  county  form  an  almost  complete  barrier  to  com- 
munication with  Manitoba,  so  that  customs  officials  are  needed  only  at 
Pine  Creek  and  Warroad.  A  large  amount  of  systematic  ditching  will 
be  necessary  to  prepare  this  swamp  for  settlement.  The  amount  of  peat 
over  much  of  this  area  is  so  great  that  it  presents  a  forbidding  outlook. 
Yet  swamps  similar  to  this,  when  the  water  is  removed,  and  intelligent 
farming  methods  are  employed,  often  are  made  to  yield  profitable  re- 
turns. 

Farm  and  Crop  Data  for  Roseau  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 29.5 

Percentage  of  farm  land  improved 49.9 

Average  acres  per  farm 196.7 

Average  improved  acres  per  farm 98.2 

Value  of  all  farm  property $6,135,882.00 

Percentage  of  gain  since  1900 176.3 

Average  value  of  a  farm ,    $3,830.00 

Cereals  produced  in  1909 $430,443.00 
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Other  grains  and  seeds $111,428.00 

Hay  and  forage $163,021.00 

Vegetables  $64,523.00 

Fruits  and  nuts $270.00 

All  other  crops $49,271.00 

Total  crop  value $818,956.00 

Farm  land  prices  have  made  a  material  advance  since  1910,  much  of 
the  good  land  now  being  held  at  from  $40.00  to  $50.00  per  acre. 

HASSHALL  COUNTY 

Marshall  Cotmty  lies  immediately  south  of  Kittson  and  Roseau  coun- 
ties. It  extends  about  70  miles  east  from  Red  River  and  has  a  width 
from  north  to  south  of  25.5  miles.  The  area,  as  given  in  the  census  of 
1910,  is  1,788  square  miles.  It  is  wholly  within  the  limits  of  the  glacial 
Lake  Agassiz  and  its  classes  of  land  are  therefore  restricted  to  lake 
deposits  and  lake-washed  glacial  deposits.  Much  of  the  stony  clay  loam 
land  was  poorly  drained  and  was  classed  as  swamp  land  before  artificial 
drainage  was  established.  But  only  a  small  part  of  it  has  a  peaty  cover 
and  on  that  the  peat  is  but  a  few  inches  in  depth.  This  land,  when 
properly  ditched,  can  scarcely  be  distinguished  from  the  areas  that  were 
originally  classed  as  dry  land.  The  swamp  land  with  peat  cover  lies 
mainly  along  the  northern  edge  of  the  county  east  from  the  Soo  Railroad. 
There  are  smaller  areas  east  and  south  of  Mud  Lake,  and  others  among 
the  sand  ridges  east  of  Viking.  The  peaty  swamp  land,  however,  is 
estimated  to  occupy  only  about  10  per  cent  of  the  area  of  this  cotmty. 

The  following  percentages  of  each  class  of  land  have  been  computed 
from  field  maps,  and  their  distribution  is  shown  on  the  general  map 
(Plate  I). 

Percentages  of  Classes  of  Land  in  Marshall  County 

Per  cent 
Sq.  milea  of  county 

Black  clay  and  clay  loam,  lacustrine 450  25.2 

Sandy  deposits,  of  old  lake  shores 315  17.6 

Stony  or  pebbly  sandy  loam,  lake- washed  drift 175  9.8 

Stony  or  pebbly  clay  loam,  lake- washed  drift 665  37.2 

Swamp  land 183  10.2 


Totals 1,788  100.0 

The  large  body  of  pebbly  clay  loam  in  this  county,  when  given  proper 
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drainage,  will  probably  be  as  productive  as  the  black  clay  and  clay  loam, 
of  the  Red  River  Valley.  In  fact  its  texture  is  looser  Aan  that  of  the 
deposits  of  the  Red  River  Valley,  and  it  is  being  converted  into  farm, 
land  as  fast  as  the  drainage  work  is  completed.  Bowlders  are  numerous 
only  in  small  strips  and  patches  and  nowhere  do  they  greatly  impede 
cultivation  of  the  soil. 

The  large  water-laid  moraine  which  extends  from  the  north  side  of 
Thief  Lake  southwestward  along  the  west  side  of  Thief  River  has  a 
stony  or  pebbly  clay  loam  soil  very  similar  to  that  of  the  plain  to  the 
east,  and  has  therefore  been  included  in  this  class  of  land  in  the  above 
cstinMite.  Its  chief  difference,  so  far  as  agriculture  goes,  is  one  of 
natural  drainage,  there  being  a  more  rapid  escape  of  water  from  it  than 
from  the  plain.  Its  slopes,  however,  are  so  gradual  as  to  be  scarcely 
perceptible  to  the  eye,  and  its  surface  is  nearly  as  free  from  knolls  as 
that  of  the  bordering  plains. 

The  sharp  ridges  of  sandy  gravel,  marking  shore  lines  of  Lake  Agas- 
siz,  are  very  conspicuous  features  in  two  main  belts  which  run  across^ 
the  county  west  of  Thief  River.  These  ridges  are  excellent  lines  for 
highways,  and  will  supply  plenty  of  material  for  graveling  railways  and 
highways.  But  they  have  lower  productiveness  because  of  their 
relief  above  the  bordering  plain,  which  is  often  as  much  as  from  10  to 
15  feet.  The  sandy  plains  among  and  west  of  the  western  belt  of  ridges 
have  generally  a  light  soil  easily  affected  by  drouth.  There  is,  however, 
a  strip  1  or  2  miles  wide  along  the  border  next  to  the  black  clay  of  Red 
River  Valley  in  which  the  soil  is  more  productive. 

The  areas  of  stony  and  pebbly  sandy  loam  vary  greatly  in  degree 
of  fertility  because  of  variability  in  constitution  and  in  drainage  condi- 
tions. They  include  small  areas  of  good  clay  loam  but  are  usually  of 
loose  texture.  These  areas  are  much  less  affected  by  drouth  than  the 
sandy  areas  and  include  a  number  of  good  farms. 

Farm  and  Crop  Data  for  Marshall  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 49.6 

Percentage  of  farm  land  improved 67.0 

Average  acres  per  farm 267.7 

Average  improved  acres  per  farm 179.5 

Value  of  all  farm  property $16,952,344.00 

Per  cent  of  gain  since  1900 99.6 

Cereals  produced  in  1909 $2,313,218.00 

Other  grains  and  seeds $230,560.00 

Hay  and  forage $328,798.00 

Vegetables  $72,664.00 
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Fruits  and  nuts $1,372.00 

All  other  crops $40,171.00 

Total  crop  value $2,986,783.00 

PENNINGTON  COUNTY 

Pennington  County  was  organized  from  a  part  of  Red  Lake  County 
in  1910  and  has  an  area  of  607  square  miles.  It  lies  immediately  south 
of  the  eastern  part  of  Marshall  County  and  is  entirely  within  the  limits 
of  the  glacial  Lake  Agassiz.  Consequently  its  soils  are  all  from  lake 
deposits  and  lake-washed  glacial  deposits.  Its  western  end  has  consid- 
erable light  sandy  soil  connected  with  some  of  the  lower  beaches  of  Lake 
Agassiz,  but  the  central  and  eastern  parts  of  the  county  have  heavier  soil 
and  there  are  also  strips  of  heavy  soil  between  the  sandy  strips  in  the 
western  third  of  the  county. 

A  large  water-laid  moraine  runs  southward  across  the  county  on 
the  west  side  of  Red  Lake  River.  But  it  has  been  so  covered  with  the 
beach  material  that  the  glacial  deposits  of  which  it  is  composed  are  ex- 
posed only  on  the  eastern  or  outer  slopes  of  the  moraine  for  a  short  dis- 
tance west  of  Red  Lake  River  and  the  lower  course  of  Thief  River. 
These  glacial  deposits  are  of  pebbly  clayey  material  like  that  underly- 
ing the  plains  farther  east.  Low  swells  from  3  to  5  feet  high  are  present 
on  the  outer  slopes,  some  of  which  are  to  be  seen  within  the  limits  of 
the  city  of  Thief  River  Falls.  The  slope  on  the  outer  face  is  barely 
perceptible  to  the  eye,  as  it  amounts  to  scarcely  20  feet  in  a  distance 
of  from  1  to  2  miles. 

In  the  central  and  eastern  part  of  the  county  no  definite  beaches  or 
ridges  of  sandy  gravel  occur  to  break  the  monotony  of  the  plain.  The  pre- 
vailing material  is  a  lake-washed  pebbly  clay  loam,  but  in  nearly  every 
township  there  are  numerous  small  areas  of  sand  and  fine  gravel  and 
also  small  swamps  filled  with  peat  nearly  to  the  level  of  the  bordering 
dry  land.  Large  ditches  opened  in  this  district  show  abrupt  changes 
from  pebbly  clay  to  sandy,  gravelly,  and  peaty  deposits  and  the  peat  is 
found  in  some  cases  to  be  5  feet  or  more  in  depth.  There  are  a  few 
low  swells  standing  5  feet  or  less  above  the  bordering  plain,  and  these 
as  a  rule  are  found  to  be  composed  of  glacial  material,  usually  a  pebbly 
clay.  Not  infrequently  a  strip  of  gravel  comes  in  between  the  clay  and 
the  peat  as  one  passes  from  the  dry  ground  into  the  swampy  land. 

Farm  and  Crop  Data  for  Pennington  County  from  the  Census  of  1910 

Area  of  county  in  square  miles 607 

Percentage  of  land  area  in  farms 66.3 
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Percentage  of  farm  land  improved 53.1 

Average  acres  per  farm 207 

Average  improved  acres  per  farm 109.9 

Value  of  all  farm  property $6,326,149.00 

Cereals  produced  in  1909 $548,253.00 

Other  grains  and  seeds $100,726.00 

Hay  and  forage $208,626.00 

Vegetables  $41,791.00 

Fruits  and  nuts $817.00 

All  other  crops $22,923,00 

Total  crop  value $923,136.00 

As  in  Marshall  County  the  extensive  ditching  and  heavy  assessment 
for  draining  the  wet  areas  have  tended  to  keep  down  land  prices.  Yet 
the  land  is  increased  in  value  far  beyond  the  expenditure  in  draining  it. 

This  county  is  being  covered  by  a  detailed  soil  survey  tmder  the 
Bureau  of  Soils  of  the  United  States  Department  of  Agriculture.  The 
work  is  in  charge  of  W.  G.  Smith.  In  this  detailed  study,  there  is  of 
course  a  more  refined  analysis  and  classification  of  soils  tiian  has  been 
attempted  by  the  present  writer  in  the  survey  of  the  glacial  and  lake  de- 
posits of  this  region.  This  will  be  brought  out  in  a  report  by  the  Bureau 
of  Soils.  In  the  present  report  and  accompanying  map  (Plate  I)  Mr. 
Smith  has  endeavored  to  group  soils  to  correspond  with  the  classes  shown 
in  the  other  counties.  The  percentages  of  the  different  classes  of  soil 
are  based  entirely  upon  the  work  of  the  Bureau  of  Soils  and  estimated  by 
Mr.  Smith. 

Statbicent  by  W.  G.  Sicitb 

The  western  third  of  the  county  has  been  open  to  settlement  some- 
thing over  thirty  years,  while  the  remaining  eastern  portion  was  opened 
to  settlement  only  ten  years  ago. 

There  is  a  somewhat  uniform  but  rather  sparse  settlement  all  over 
the  county,  scarcely  half  of  its  area  being  in  farms  and  less  than  one 
third  under  cultivation.  Settlement  and  enlarging  of  cultivated  acreage 
seem  to  be  extending  rapidly.  The  land  would  easily  support  a  much 
larger  population,  for  it  is  nearly  all  of  good  quality. 

The  sandy  deposits  of  the  old  lake  shores  ("sand  ridges")  were  settled 
first,  as  they  were  not  subject  to  standing  water  that  remained  for  a 
long  time  on  the  lower  lying  lands  following  wet  seasons.  Since  the  in- 
stallation of  large  drainage  ditches  throughout  the  county  most  of  the 
land  is  sufficiently  protected  against  standing  water  to  permit  of  use  for 
farm  purposes  at  all  times.    Some  additional  ditching  would  bring  practi- 
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BULLETIN   12.   PLATE  VI 


A.      HOMESTEAD  ON   CI.AY   MORAINE  IN  OTTERTAIL  (OUNTV 


B.      OATS    (and   corn    in    background)    ON    CLAY    MORAINE    IN   OTTERTAIL   COUNTY, 
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cally  the  whole  area  of  the  county  within  the  range  of  possible  use  for 
farm  purposes. 

Percentages  of  Classes  of  Land  in  Pennington  County 

'  Per  cent 

S<|.  miles  of  county 

Sandy  deposits  of  old  lake  shores 14  2.3 

Stony  or  pebbly  sandy  loam,  lake-washed  drift 128  21.1 

Stony  or  pebbly  clay  loam,  lake-washed  drift. . . 368  60.6 

Swamp  (peat  land) 97  16.0 

Total   607  100.0 

Nearly  three  fifths  of  the  area  of  the  county  has  stony  or  pebbly  loam 
to  clay  loam  surface  soils  with  clay  subsoils.  Such  lands  have  high 
agricultural  value  and  under  proper  cultural  methods  they  have  the  ca- 
pacity of  producing  the  staple  crops  under  a  wide  range  of  moisture 
conditions. 

About  one  fifth  of  the  area  of  the  county  is  covered  by  sandy  loams 
and  loams  underlaid  by  sandy  and  gravelly  subsoils  of  various  depths. 
While  in  places  the  lands  are  somewhat  subject  to  overdrainage  and 
otherwise  show  less  resistance  to  drouth  than  soils  having  clay  subsoils, 
they  should  prove  to  be  well  suited  to  agricultural  purposes  under  good 
cultural  methods. 

Treeless  swamps  and  peat  lands  occupy  a  little  less  than  one  fifth  of 
the  area  of  the  county.  Adequate  drainage  is  one  of  the  first  essentials 
to  bring  this  character  of  land  within  the  range  of  usefulness  for  field- 
crop  purposes.  The  depth  of  peat  varies  considerably,  from  a  few  inches 
to  5  feet  or  more.  The  greater  depths  are  found  in  the  east  and  south- 
east portions  of  the  county,  where  the  larger  areas  of  peat  or  swamp 
lands  occur.  Some  of  the  townships  there  have  nearly  half  of  their 
areas  covered  with  swamp  or  peat.  While  these  areas  are  not  extensively 
farmed,  the  staple  crops  seen  growing  on  peat  in  some  places  give  the 
impression  that  ultimately  these  peat  lands  will  be  subdued  to  a  stage 
where  they  may  be  depended  upon  to  produce  profitable  crops  under  a 
wide  range  of  seasonal  variations. 

RED  LAKE  COUNTY 

Red  Lake  County  lies  south  of  Pennington  and  is  bordered  on  the 
west,  south,  and  east  by  Polk  County.  It  is  traversed  by  Red  Lake  River 
from  which  its  name  was  derived,  as  it  does  not  touch  upon  Red  Lake. 
Since  Pennington  County  was  cut  off  from  it  there  remains  an  area 
of  only  432  square  miles.  It  is  entirely  within  the  limits  of  the  glacial 
Lake  Agassiz,  and  thus  is  restricted  in  soil  classes  to  lake  deposits  and 
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lake-washed  glacial  material.  There  is  a  strip  of  light  sandy  land  on 
its  west  border  in  connection  with  some  of  the  lower  shore  lines  of  Lake 
Agassiz.  The  borders  of  Red  Lake  Valley,  of  Qearwater  Valley  and  of 
its  main  tributaries,  Lost,  Hill,  and  Poplar  rivers,  have  generally  a  sandy 
or  sandy  loam  soil,  but  the  greater  part  of  the  county  has  a  pebbly  clay 
loam  soil,  much  of  which  is  sufficiently  well  drained  to  be  suitable  for 
cultivation.  There  are  few  places  where  bowlders  are  so  ntunerous  as 
seriously  to  impede  cultivation.  Some  of  the  sandy  land  along  Clearwater 
and  Red  Lake  rivers,  in  the  vicinity  of  Red  Lake  Falls,  is  underlaid  at 
slight  depth  by  a  lake  clay  and  the  sand  itself  is  exceedingly  fine-textured. 
Land  of  this  class  is  as  productive  as  any  in  the  county.  The  swamp 
land  is  chiefly  in  the  eastern  end  of  the  county,  and  has  usually  a  thin 
growth  of  peat  over  glacial  material  of  variable  constitution,  with  abrupt 
changes  from  sand  or  gravel  to  pebbly  clay. 

The  following  percentages  of  each  class  of  land  have  been  computed 
from  field  maps,  and  their  distribution  may  be  seen  on  the  accompanying 
general  map. 

Percentages  of  Classes  of  Land  in  Red  Lake  County 

Per  cent 
Sq.  miles  of  countjr 

Sandy  and  silty  lake  and  stream  deposits 110  25.4 

Pebbly  sandy  loam,  lake-washed  drift 45  10.4 

Pebbly  clay  loam,  lake-washed  drift 250  58.0 

Swamp  27  6.2 

Total 432  100.0 

There  is  a  somewhat  uniform  but  rather  sparse  settlement  all  over 
this  county,  scarcely  half  of  its  area  being  in  farms,  and  less  than  one- 
third  under  cultivation.  The  land  would  easily  support  double  or  treble 
its  present  population  for  it  is  nearly  all  of  good  quality. 

Farm  and  Crop  Data  for  Red  Lake  County  from  the  Cettsus  of  1910 

Percentage  of  land  areas  in  farms 45.4 

Percentage  of  farm  land  improved 61.5 

Average  acres  per  farm 238.0 

Average  improved  acres  per  farm 189.8 

Value  of  all  farm  property $3,711,300.00 

Cereals  produced  in  1909 $363,671.00 

Other  grains  and  seeds $79,828.00 

Hay  and  forage $94,537.00 

Vegetables  $24,028.00 

Fruits  and  nuts $119.00 

All  other  crops $12,180.00 
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POLK   COUNTY 

Polk  County,  of  which  Crookston  is  the  county  seat,  lies  south  of 
Marshall  and  Red  Lake  counties,  and  extends  from  Red  River  eastward 
nearly  70  miles.  Its  area,  as  given  by  the  census  of  1910,  is  1,980  square 
miles.  Its  greatest  width  is  at  the  west  in  Red  River  Valley,  and  nearly 
half  its  area  has  the  lacustrine  black  clay  and  clay  loam.  An  area  of 
about  500  square  miles  in  the  southeastern  part  lies  outside  the  limits 
of  the  glacial  Lake  Agassiz. 

A  survey  and  map  of  the  southwestern  part  of  the  county,  around 
Crookston,  has  been  made  by  the  Bureau  of  Soils  of  the  United  States 
Department  of  Agriculture.^  It  is  chiefly  in  the  area  of  black  clay  and 
clay  loam  bordering  Red  River,  but  its  eastern  part  extends  up  over  some 
of  the  lower  beaches  and  associated  sandy  strips  of  Lake  Agassiz.  The 
northeast  part  of  the  map  includes  a  few  square  miles  of  stony  sandy 
loam  (Benoit  fine  sandy  loam  and  Benoit  loam),  a  glacial  deposit  modi- 
fied more  or  less  by  lake  action.  In  the  eastern  part  there  are  very 
bowldery  areas  of  lake-washed  pebbly  clay,  classed  in  part  as  Benoit  loam 
and  in  part  as  Sioux  gravelly  loam.  They  are  very  diflFerent  from  the 
lake  beaches  which  are  composed  of  sandy  gravel  and  are  classed  as 
Sioux  gravelly  sandy  loam.  It  has  been  found  necessary,  therefore,  in 
the  present  map  to  depart  somewhat  from  the  soil  map,  in  this  eastern 
part  of  the  Crookston  area,  and  make  a  clear  distinction  between  the  Udce 
beaches  and  the  bowldery  plain.  A  large  part  of  the  Fargo  fine  sandy 
loam  of  the  Crookston  area  soil  map  is  a  deposit  such  as  in  other  coun- 
ties of  the  present  report  has  been  classed  and  represented  on  the  map 
as  lake  sand.  It  has  a  light  soil  easily  affected  by  drouth  and  requiring 
intelligent  cultivation. 

The  classes  of  land  represented  in  Polk  County  include  two  types 
of  land-laid  moraine,  the  sandy  and  the  clayey,  and  plains  of  till  or 
pebbly  clay  loam,  which  like  the  moraines  stand  above  the  limits  of  the 
glacial  Lake  Agassiz.  The  moraines  are  of  a  pronounced  knob  and  basin 
type  with  numerous  small  lakes,  ponds,  and  swampy  depressions 
among  the  knolls  and  ridges.  The  till  plains  are  also  diversified  by  small 
lakes  and  ponds  occupying  shallow  basins.  A  few  of  these  are  capable 
of  drainage  at  moderate  expense,  but  the  majority  have  beds  below  the 
neighboring  drainage  lines.  Some  of  the  lakes  have  been  partly  and 
others  almost  completely  filled  by  peaty  growths.  The  extensive  swamps 
are  chiefly  in  the  northeastern  part  of  the  county  on  the  plain  covered 
by  Lake  Agassiz,  those  outside  the  limits  of  the  old  lake  being  usually 
too  small  to  admit  of  representation  on  the  small  scale  here  adopted. 

^Mangtim,  A.  W.»  and  Schroeder,  F.  C,  Soil  surrey  of  the  Crookston  ares,  Minnesota: 
Field  operations  of  tiM  Bureau  of  Soils  1906. 
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There  is  a  large  peaty  swamp  in  the  southwest  part  of  the  cotinty  across 
which  Sand  Hill  River  discharges  by  the  aid  of  artificial  ditches. 

The  percentages  of  the  several  classes  of  land  here  given  are  based 
upon  field  maps  and  the  soil  map  of  the  Crookston  area.  Their  distri- 
bution is  shown  on  the  general  map. 

Percentages  of  Classes  of  Land  in  Polk  County 

Per  cent 
Sq.  miles  of  county 

Sandy  moraine 86  4.3 

Clayey  moraine 73  3.7. 

Qayey  till  plain 265  13.4 

Sandy  soil  in  till  plain 10  0.5 

Lake- washed  sandy  till,  pebbly  sandy  loam 60  3.0 

Lake- washed  clayey  till,  pebbly  clayey  loam 230  11.6 

Sandy  deposits  of  old  lake  shores 305  15.4 

Lacustrine  black  clay  and  clay  loam 835  42.2 

Swamps  and  small  lakes  and  ponds 116  5.9 


Totals 1,980  100.0 

The  wild  land  in  Polk  County  is  found  chiefly  in  the  sandy  areas  and 
swamps  and  in  the  roughest  or  most  hilly  parts  of  the  moraines,  the  first- 
class  land  being  nearly  all  in  farms.  The  land  outside  the  limits  of  Lake 
Agassiz  has  about  as  productive  a  soil  as  the  clay  loams  of  the  old  lake 
area  and  more  productive  than  the  sand  and  light  sandy  loams  of  the 
lake  area.  This  statement  is  made  since  there  is  a  widespread  impres- 
sion that  the  fertility  of  northwestern  Minnesota  land  is  due  to  its  having 
once  been  a  lake  bed,  and  it  might  be  inferred  that  there  is  a  markedly 
lower  degree  of  fertility  outside  the  lake  area.  The  character  of  the 
soil  is  of  course  less  uniform  than  in  the  part  of  the  old  lake  bed  im- 
mediately bordering  Red  River.  It  is  necessary  also  in  a  district  where 
ponds  and  lakes  and  small  peaty  basins  occur  to  allow  for  a  considerable 
percentage  of  waste  land.  But  the  tillable  land  of  southeastern  Polk 
County  is  a  close  rival  in  fertility  to  that  of  the  Red  River  Valley.  In 
this  part  of  the  county  wheat  was,  for  a  time,  the  sole  important  crop, 
but  now  diversified  farming  is  coming  into  vogue. 

Farm  and  Crop  Data  for  Polk  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 70.2 

Percentage  of  farm  land  improved 72.4 

Average  acres  per  farm 252.2 
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Average  improved  acres  per  farm 182.7 

Value  of  all  farm  property $34,946,027.00 

Percentage  of  increase  since  1900 78.5 

Average  value  of  a  farm $9,914.00 

Cereals  produced  in  1909 $4,216,361.00 

Other  grains  and  seeds $331,471.00 

Hay  and  forage , $670,551.00 

Vegetables  $212,600.00 

Fruits  and  nuts $5,355.00 

All  other  crops $134,195.00 

Total  crop  value $5,570,593.00 

There  has  been  some  advance  in  farm  prices  since  1910,  so  that  the 
average  value  of  an  improved  farm  with  good  buildings  may  be  not  less 
than  $50.00  per  acre,  while  farms  of  this  sort  in  the  Red  River  Valley 
approach  $75.00  per  acre. 

CLEARWATER  COUNTY 

Clearwater  County  was  organized  in  1903  from  the  southwest  part 
of  Beltrami  County  and  has  an  area  of  1,019  square  miles.  It  is  bordered 
on  the  west  by  Pennington,  Polk,  and  Mahnomen  counties  and  on  the 
north  and  east  by  Beltrami  County.  Its  northern  part  extends  into  the 
Red  Lake  Indian  Reservation  and  its  southwestern  part  into  the  White 
Earth  Reservation.  About  one  fourth  of  the  county,  at  its  northern  end, 
is  within  the  limits  of- the  glacial  Lake  Agassiz.  Its  drainage  is  princi- 
pally to  Qearwater  River,  from  which  the  county  receives  its  name,  but 
it  also  includes  the  headwaters  of  the  Mississippi  River  and  the  State 
Reservation  around  Lake  Itasca. 

The  portion  of  this  county  within  the  limits  of  Lake  Agassiz  is  very 
largely  undrained  swamp  land.  Much  of  it  is  in  the  Red  Lake  Indian 
Reservation.  Notes  concerning  the  character  of  this  swamp  land  have 
been  furnished  by  Mr.  A.  P.  Meade  of  the  United  States  Geological  Sur- 
vey, who  in  1913  made  a  survey  for  a  topographic  map  of  these  wet  lands. 
For  a  few  miles  along  the  extreme  edge  of  the  area  covered  by  Lake 
Agassiz  there  is  a  sandy  to  gravelly  loam  with  till  of  very  variable 
constitution  at  slight  depth  and  noted  on  the  map  LST,  Farther  out 
there  is  a  general  coating  of  peat  over  a  clayey  glacial  deposit  with  local 
patches  of  sand  and  gravel,  as  in  the  part  of  Pennington  County  adjoin- 
ing it  on  the  west. 

The  part  of  the  county  outside  the  limits  of  Lake  Agassiz  is  largely 
tillable  land,  its  character  being  similar  to  that  of  the  adjoining  part  of 
Polk  County.    It  includes  both  the  sandy  and  clayey  moraines  and  ex- 
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tensive  till  plains  of  a  prevailingly  clayey  constitution.  There  are  numer- 
ous small  lakes  and  swamps  among  the  morainic  knolls  and  ridges,  and 
also  scattered  lakes  and  shallow  swampy  basins  in  the  till  plains.  It  is 
difficult  to  estimate  the  aggregate  amount,  but  probably  not  less  than  20 
per  cent  of  the  area  of  the  moraines  and  till  plains  of  this  county  are 
water  and  waste  land,  which  is  not  taken  into  accotmt  in  the  table  be- 
low. There  are  extensive  swamps  in  the  southern  part  of  the  county 
extending  out  in  all  directions  from  Rice  Lake,,  and  others  farther  north 
in  the  vicinity  of  Bagley  and  Shevlin  which  are  included  in  the  swamp 
land  in  the  table. 

The  percentages  of  the  several  classes  of  land  here  given  are  based 
upon  field  maps  and  to  some  extent  on  the  notes  by  Mr.  Meade.  Their 
distribution  is  shown  on  the  general  map. 

Percentages  of  Classes  of  Land  in  Clearwater  County 

Per  cent 
Sq.  miles  of  county 

Sandy  moraine,  with  sandy  to  gravelly  loam  soil 173  17.0 

Clayey  moraine,  with  pebbly  clay  loam  soil 180  17.6 

Clayey  till,  with  pebbly  clay  loam  soil 208  20.4 

Till  plain  with  sandy  patches 30  3.0 

Outwash  gravel,  and  glacial  drainage  deposits 71  7.0 

Lake-washed  till,  largely  loose-textured 97  9.5 

Sandy  gravel  of  lake  shores 20  2.0 

Swamps  and  small  lakes  and  ponds 240  23.5 


Totals  1,019  100.0 

The  lightest  soils  of  the  county  are  found  in  the  outwash  gravels  and 
lines  of  glacial  drainage  and  in  the  beaches  of  sandy  gravel  on  the  shore 
of  Lake  Agassiz.  They  are  composed  very  largely  of  sand  and  fine  gravel 
with  only  a  slight  aniount  of  loam  in  the  soil.  The  sandy  moraines  usu- 
ally have  a  considerable  admixture  of  loam  with  the  sand  and  gravel 
which  gives  them  a  somewhat  higher  degree  of  fertility  than  the  out- 
wash  plains  and  beaches.  Portions  of  them,  however,  are  greatly  inter- 
rupted by  small  swamps  and  deep  basins  which  render  cultivation  of  the 
land  rather  difficult  and  in  consequence  only  a  small  part  of  this  land 
has  been  brought  under  cultivation.  The  wet  lands  of  the  northern  por- 
tion of  the  county  lie  largely  in  the  Red  Lake  Indian  Reservation,  but 
outside  the  reservation  are  very  sparsely  settled.  They  need  con- 
siderable ditching  to  render  them  tillable.  The  areas  of  clayey  moraine 
and  clayey  till  which  constitute  about  three  eighths  of  the  county  have 
highly  productive  soils,  but  as  yet  only  a  small  portion  of  the  land  is 
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improved.     Settlement  is  more  of  less  retarded  from  the  fact  that  it 
is  a  forest-covered  tract. 

Farm  and  Crop  Data  for  Clearwater  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 26.8 

Percentage  of  farm  land  improved 23.2 

Average  acres  per  farm 165.5 

Average  improved  acres  per  farm 38.4 

Value  of  all  farm  property $3,150,087.00 

Cereals  produced  In  1909 $146,906.00 

Other  grains  and  seeds $3,940.00 

Hay  and  forage $128,655.00 

Vegetables  $39,659.00 

Fruits  and  nuts $461.00 

All  other  crops $65,326.00 

Total  crop  value $384,947.00 

BELTRAMI    COUNTY 

Beltrami  County  extends  from  the  Lake  of  the  Woods  southward 
past  Red  Lake  to  the  line  of  Hubbard  County.  The  south  boundary  is 
about  100  miles  from  the  southernmost  point  on  Lake  of  the  Woods. 
There  is  also  a  small  detached  area  known  as  the  Northwest  Angle  lying 
west  of  Lake  of  the  Woods  whose  northernmost  point  is  about  135  miles 
from  the  Hubbard  County  line.  In  its  widest  part  the  county  embraces 
nine  ranges  of  townships  or  54  miles.  The  census  of  1910  gives  the 
county  an  area  of  3,822  square  miles.  This  evidently  does  not  include 
Red  Lake  and  probably  does  not  include  the  small  lakes  inside  the  county. 
The  total  area  of  Red  Lake  is  440  square  miles,  of  which  408  square 
miles  fall  within  the  townships  and  ranges  embraced  in  Beltrami  County. 
The  small  lakes  embrace  about  100  square  miles.  The  sum  of  the  sec- 
tions and  parts  of  sections  outside  of  Red  Lake  is  3,924  square  miles. 
If  102  square  miles  are  allowed  for  the  small  lakes,  the  land  area  is  re- 
duced to  what  is  given  by  the  census  report,  or  3,822  square  miles.  In 
the  estimates  of  percentages  given  below  it  has  been  found  necessary  to 
include  the  small  lakes  as  has  been  done  in  other  counties,  not  only  for 
the  sake  of  uniformity,  but  also  because  it  is  not  possible  in  some  cases 
to  draw  the  line  between  lake  and  swamp.  The  lakes  and  swamps  are  ac- 
cordingly grouped  together,  and  the  percentages  are  estimated  on  the 
basis  of  an  area  of  3,924  square  miles. 

The  greater  part  of  Beltrami  County  lies  within  the  limits  of  the 
glacial  Lake  Agassiz,  whose  southern  shore  passes  along  the  south  side 
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of  Red  Lake.  As  already  noted,  it  was  once  supposed  that  a  part  of 
Beltrami  County  north  of  Red  Lake  stood  above  the  level  of  Lake 
Agassiz  and  was  called  Beltrami  Island.  The  highest  points  in  that 
district,  however,  have  bars  of  sandy  gravel  on  them  formed  by  Lake 
Agassiz.  A  considerable  part  of  the  bed  of  Lake  Agassiz  within  the 
limits  of  Beltrami  County  is  still  a  muskeg  swamp  which  can  be  trav- 
ersed only  with  great  difficulty  except  when  frozen.  Through  the 
heroic  efforts  of  Mr.  Meade  and  his  party  of  surveyors  it  was  traversed 
sufficiently  to  obtain  data  necessary  to  construct  the  topographic  and 
drainage  map  which  accompanies  House  Document  27  of  the  Sixty- 
first  Congress,  First  Session.  Mr.  Meade  has  also  kindly  furnished  such 
information  as  he  had  gained  concerning  the  character  of  the  soil  of  the 
small  islands  that  rise  here  and  there  above  the  level  of  the  muskeg. 
Information  concerning  the  soil  on  some  of  the  islands  has  been  ob- 
tained from  Mr.  A.  R.  McDonnell,  of  Baudette,  who  had  made  timber 
estimates  on  them  for  lumber  companies  and  who  was  the  present 
writer's  guide  over  parts  of  the  district.  The  data  are  thus  such  as  were 
noted  incidentally  in  the  course  of  other  investigations  and  should  be 
read  with  this  understanding.  As  far  out  as  settlements  have  reached, 
the  present  writer  gave  the  soil  personal  examination. 

Data  concerning  soils  on  the  Northwest  Angle  were  obtained  from 
Mr.  E.  C.  Barnard  of  the  United  States  Coast  and  Geodetic  Survey,  who 
was  in  charge  of  the  survey  along  the  boundary  between  Minnesota  and 
Manitoba  in  1912  and  1913.  Data  on  islands  in  Lake  of  the  Woods  were 
kindly  supplied  by  Mr.  W.  A.  Johnston  of  the  Geological  Survey  of 
Canada  who  cruised  among  them  and  studied  their  geology  in  the  sum- 
mer of  1913.  Mr.  Johnston  also  supplied  notes  concerning  the  occur- 
rence of  lake  clay  over  glacial  deposits  along  the  shore  of  Lake  of  the 
Woods  and  in  the  bluffs  of  Rainy  River  in  this  coimty. 

The  district  south  of  Red  Lake  stands  above  the  level  of  Lake  Agas- 
siz, and  here  roads  are  few  and  much  of  the  land  is  still  in  forest.  It 
was  not  possible^  therefore,  to  obtain  such  full  knowledge  of  the  soil  con- 
ditions as  in  the  districts  to  the  west  where  forests  have  been  cleared 
and  farms  opened.  Diligent  inquiry  was  made,  however,  throughout  this 
part  of  the  county,  of  residents  who  had  some  personal  knowledge  of  the 
character  of  the  land. 

Nearly  all  the  rock  outcrops  of  this  northwest  quarter  of  Minnesota 
are  in  the  northern  part  of  Beltrami  County.  They  occur  here  and 
there  for  several  miles  south  of  Rainy  River  and  Lake  of  the  Woods, 
as  well  as  on  islands  in  Lake  of  the  Woods,  but  their  aggregate  area  is 
estimated  to  be  only  8  square  miles.  Usually  a  rock  knob  on  the  main- 
land occupies  only  an  acre  or  two,  but  there  are  a  sufficient  number  to 
amount  to  a  square  mile  or  more  of  bare  rock.    On  the  islands  in  Lake 
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of  the  Woods  much  of  the  surface  is  bare  rock  except  Garden  Island. 
This,  Mr.  Johnston  reports,  is  thickly  covered  with  a  calcareous  bowlder 
clay,  and  it  derives  its  name  from  its  having  been  cultivated  to  some 
extent. 

Percentages  of  Classes  of  Land  in  Beltrami  County 

Per  cent 
S<|.  miles  of  county 

Sandy  moraine,  with  sandy  to  gravelly  loam  soil 145  3.7 

Clayey  moraine,  with  pebbly  clay  loam  soil 170  4.3 

Outwash  gravel,  and  sandy  glacial  drainage  de- 
posits    216  5.5 

Till  plains  with  prevailingly  clay  loam  soil 393  10.6 

Till  plains  with  mixed  soil,  sandy  to  clayey 72  1.8 

Stony  or  pebbly  clay  loam,  lake-washed  drift 292  7.4 

Stony  or  pebbly  sandy  loam,  lake- washed  drift 266  6.7 

Sandy  and  gravelly  deposits  of  old  lake  shores 207  5.0 

^    ..e  clay 23  0.6 

Rock  outcrops 8  0.2 

Small  lakes 102  2.5 

Swamp  land 2,030  51.7 


Totals 3,924  100.0 

The  settlements  in  the  northern  part  of  the  county  are  chiefly  within 
10  miles  of  the  Canadian  Northern  Railroad,  and  even  here  only  a  small 
percentage  of  the  land  is  cleared  and  cultivated.  There  are  a  very  few 
residences  along  Rapid  River  and  Rainy  River,  and  a  few  scattered  over 
the  high  tract  of  gravel  and  sand  from  12  to  15  miles  south  and  south- 
west of  Williams. 

There  are  prosperous  settlements  in  the  district  northwest  of  Red 
Lake,  with  post-offices  at  Malcolm,  Thorhult,  Jelle,  Carmel,  and  Orheim. 
Grain  and  produce  is  marketed  at  Thief  River  Falls  though  this  point 
is  distant  fully  50  miles  from  the  eastern  part  of  this  farming  district 
Large  ditches  have  been  made  and  others  are  in  course  of  construction 
which  will  give  the  region  fair  drainage.  The  soil  is  largely  a  pebbly 
clay  loam,  strewn  thickly  in  places  with  bowlders,  but  generally  supplied 
with  only  a  sufficient  number  to  provide  foundations  for  buildings.  The 
roads,  which  usually  follow  the  lines  of  the  ditches  and  utilize  the  em- 
bankments, are  in  good  condition  for  hauling  heavy  loads  to  the  distant 
market.  This  district  had  only  a  scattered  and  stunted  forest  cover  so 
that  it  has  been  easier  to  bring  it  into  cultivation  than  the  heavily  for- 
ested areas  south  of  Red  Lake. 
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In  the  part  of  the  county  south  of  Red  Lake  farming  is  chiefly  car- 
ried on  in  the  areas  of  pebbly  clay  loam  and  gravelly  areas  near  Bemidji 
and  south  and  west  from  that  city.  There  is  very  little  settlement  as 
yet  between  Bemidji  and  Red  Lake.  There  are  small  settlements  along 
the  eastern  border  near  Kelliher,  Funkley,  Black  Duck,  and  scattered 
settlers  southward  past  Louis  to  the  border  of  Cass  Lake.  The  prevail- 
ing soil  there  is  a  pebbly  clay  loam,  but  it  is  interrupted  by  patches  of 
sandy  or  gravelly  soil.  Much  remains  to  be  done  in  ditching  the  land 
and  in  road-building  as  well  as  in  clearing  of  forests  to  bring  this  dis- 
trict into  a  condition  of  full  cultivation,  but  the  fertility  of  the  soil  is 
such  as  to  encourage  such  development. 

Farm  and  Crop  Data  for  Beltrami  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 9.1 

Percentage  of  farm  land  improved 14.9 

Average  acres  per  farm 141.9 

Average  improved  acres  per  farm 21.1 

Value  of  all  farm  property $3,389,856.00 

Cereals  produced  in  1909 $56,646.00 

Other  grains  and  seeds $5,031.00 

Hay  and  forage $127,054.00 

Vegetables  $126,585.00 

Fruits  and  nuts $1,221.00 

All  other  crops $286,922.00 

Total  crop  value $601,459.00 

"*^  WESTERN   KOOCHICHING  COUNTY 

Only  the  western  three  ranges  of  townships  in  Koochiching  Cotmty, 
embracing  an  area  of  1,027  square  miles,  will  be  considered  in  this  re- 
port It  so  happens  that  it  includes  the  part  of  the  county  in  which 
swamps  are  most  extensive,  and  thus  is  not  fairly  representative  of  the 
county  as  a  whole.  About  80  per  cent  of  this  part  of  the  county  lies 
within  the  limits  of  the  glacial  Lake  Agassiz,  but  about  200  square  miles 
in  the  southern  end  stand  above  the  highest  shore  line. 

There  are  a  few  rocky  knobs  near  Manitou  Rapids  and  southwest- 
ward  from  there,  and  also  near  Clementson,  but  they  aggregate  scarcely 
a  square  mile  in  area. 

The  cultivable  land  in  the  portion  within  the  limits  of  Lake  Agas- 
siz is  mainly  along  the  borders  of  the  streams.  In  most  places  muskeg 
swamps  set  in  within  a  mile  back  from  these  drainage  lines.  This  is 
true  even  on  the  borders  of  Rainy  River,  in  places  where  its  valley  is 
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from  30  to  40  feet  deep.  There  are  belts  of  sandy  land,  in  part  moraine 
and  in  part  beach  or  shore  deposit,  which  cross  the  interstream  areas  and 
break  the  continuity  of  the  muskeg  swamps.  On  one  of  the  sandy  strips 
near  Wayland  a  few  settlers  have  located.  There  are  also  a  few  in  the 
vicinity  of  Norden,  on  the  borders  of  Tamarack  River,  and  on  sand 
ridges  to  the  south.  Only  small  clearings  have  as  yet  been  made  by  any 
of  the  settlers,  and  the  narrowness  of  the  cultivable  strip  will  greatly 
restrict  farming  operations  under  present  conditions  of  drainage.  Sev- 
eral good  county  roads  are  projected  across  these  swampy  districts,  and 
some  are  in  process  of  construction. 

In  the  portion  of  this  county  above  the  level  of  the  highest  shore  of 
Lake  Agassiz  a  large  percentage  of  the  land  is  tillable  with  but  small 
expenditure  for  ditching,  and  this  portion  of  the  county  is  being  de- 
veloped rapidly.  The  soil  is  mainly  a  pebbly  clay  loam,  but  there  are 
morainic  strips  in  which  gravelly  and  sandy  knolls  occur,  and  the  soil 
is  generally  loose-textured,  though  quite  productive. 

Percentages  of  Classes  of  Land  in  Western  Koochiching  County 

Per  cent 
Sq.  miles  of  area 

Sandy  moraine,  with  sandy  to  gravelly  loam  soil ....  54  5.2 

Till  plain,  with  prevailingly  clay  loam  soil 146  14.2 

Stony  or  pebbly  clay  loam,  lake- washed  drift 114  11.1 

Sandy  and  gravelly  deposits  of  old  lake  shores 57  5.6 

Rock  knobs 1  0.1 

Swamp  land 655  63.8 


Totals 1,027  100.0 

NORTHWESTERN  ITASCA  COUNTY 

An  area  of  about  470  square  miles  in  the  western  three  ranges  of 
townships  in  Itasca  County  will  be  discussed  in  this  report.  The  south 
part  is  included  in  the  Minnesota  National  Forest,  and  is  uninhabited. 
The  remainder  is  a  very  sparsely  populated  district,  there  being  few 
farms  except  in  the  vicinity  of  the  Minnesota  and  International  Railroad, 
which  crosses  the  northwest  comer  of  the  county.  Much  of  this  district 
is  practically  inaccessible  imless  one  forces  his  way  through  brush  and 
swamp,  there  being  very  few  roads  or  trails  across  it.  Considerable  in- 
formation has,  however,  been  obtained  in  reference  to  it  from  residents 
who  have  had  occasion  to  go  into  this  district. 

Aside  from  a  morainic  strip  which  runs  southeastward  from  Orth 
past  Island  Lake  to  Popple,  this  district  seems  to  be  occupied  entirely 


Digitized  by  VjOOQIC 


62  SURFACE  FORMATIONS  OF  MINNESOTA 

by  till  plains  and  swamps.  It  is  thought,  however,  that  the  wet  land  may 
be  easily  drained  when  the  brush  is  removed  and  a  moderate  amount 
of  ditching  is  done.  The  soil  appears  to  be  subject  to  abrupt  changes 
from  clay  to  sand  or  gravel,  and  the  designation  TM  on  the  general  map 
stands  for  mixed  soil  in  a  till  plain.  Of  the  470  square  miles  fully  80  per 
cent  is  in  the  till  plain.  The  sandy  moraine  occupies  about  7  per  cent. 
There  thus  remains  about  10  to  12  per  cent  in  lakes  and  swamps. 

PARTS  OF  CASS  AND  CHOW  WING  COUNTIES 

The  greater  part  of  Cass  and  a  few  townships  in  the  northwest  part 
of  Crow  Wing  County  fall  in  the  southeast  part  of  the  area  embraced 
in  this  report.  It  is  made  to  include  the  whole  of  the  three  townships 
southeast  of  the  Mississippi  River  in  Crow  Wing  County  since  they  ex- 
tend but  a  slight  distance  outside  the  limits  of  the  map.  But  north 
of  the  Mississippi  the  estimates  do  not  extend  east  of  Range  27,  as  only 
a  small  part  of  Range  26  is  within  the  limits  of  the  map.  In  making 
the  percentage  estimates  of  the  different  classes  of  land  Leech  Lake  and 
Winnibigoshish  Lake  are  not  included.  Leech  Lake  has  an  area  of  173 
square  miles  at  low-water  stage  and  Winnibigoshish  an  area  of  77  square 
miles.  The  smaller  lakes  of  this  district  are  estimated  to  have  an  aggre- 
gate area  of  about  177  square  miles  and  the  swamps  133  square  miles. 
There  is  thus  560  square  miles  of  lakes  and  wet  land  or  about  25  per 
cent  of  the  entire  district.  But  counting  out  Leech  and  Winnibigoshish 
lakes  and  thus  reducing  the  district  250  square  miles,  the  lakes  and 
swamps  comprise  15.6  per  cent,  of  which  8.9  per  cent  is  lake  and  6.7 
per  cent  swamp.  The  area  of  the  district  as  thus  reduced  is  1,990  square 
miles. 

This  district  is  separable  into  several  distinct  belts.  At  the  north, 
along  the  south  side  of  the  Mississippi  River  and  Winnibigoshish  Lake, 
there  is  a  plain  of  sandy  gravel  with  forest  of  Norway  pine  which  ex- 
tends south  about  to  the  line  of  the  Great  Northern  Railroad.  South 
of  this  on  the  borders  of  Leech  Lake  is  a  great  till  plain  with  a  pebbly 
clay  loam  soil  to  the  northwest  of  the  lake,  and  with  a  mixed  or  variable 
soil  to  the  east  and  southeast.  Extensive  tracts  of  wet  land  are  present 
on  the  plain  east  of  Leech  Lake.  On  the  immediate  south  border  of  this 
lake  there  is  a  rolling  country  with  stony  or  pebbly  clay  loam  soil.  This 
changes  on  the  south  into  a  more  ssmdy  and  gravelly  tract  of  moraine 
which  covers  several  townships  of  this  district  and  extends  westward 
in  a  broad  belt  across  Hubbard  County  to  the  headwaters  of  the  Missis- 
sippi in  Qearwater  County.  This  moraine  loses  expression,  however, 
toward  the  east  side  of  the  district  under  discussion  and  consists  of  scat- 
tered groups  of  knolls  bordered  by  nearly  plain  tracts  of  mixed  clay  and 
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sand  and  gravel.  From  ^\^itefish  Lake  southward  to  GuU  Lake  and 
eastward  to  the  Mississippi  is  a  gravelly  gladal  outwash  plain  with  numer- 
ous basins  containing  lakes.  The  strip  of  gravelly  gladal  outwash 
extends  from  Whitefish  Lake  northwestward  past  Badcus  along  the  south 
side  of  the  g^eat  moraine  just  mentioned.  The  morainic  tract  has  an 
offshoot  to  the  south  from  near  Hackensack  which  separates  this  gravelly 
outwash  plain  from  a  larger  one  in  Hubbard  and  Wadena  counties.  In 
the  southwest  part  of  the  district  are  several  townships  with  gently  un- 
dulating clayey  moraines  and  bordering  till  plains.  The  till  plains  are  in 
part  clayey  and  in  part  have  mixed  soil  with  abrupt  and  frequent  changes 
from  pebbly  clay  to  gravel  or  sand.  In  the  extreme  southeast  part  of  this 
district  on  the  east  side  of  the  Mississippi  there  is  a  rugged  sandy  moraine 
with  small  outwash  gravel  plains  included  among  groups  of  morainic 
knolls. 

Percentages  of  Classes  of  Land  in  Parts  of  Cass  and  Crow  Wing 

Counties 

Per  cent 
Sq.  miles  of  district 

Sandy  moraine,  with  sandy  to  gravelly  loam  soil. . .  379  19.0 

Clayey  moraine,  with  pebbly  clay  loam  soil 191  9.6 

Outwash  gravel  plains 540  27.1 

Clayey  till  plain,  with  pebbly  clay  loam  soil 205  10.2 

Till  plain  with  mixed  soil,  clayey  to  sandy  or  gravel- 
ly    365  18.3 

Swamps   133  6.7 

Small  lakes 177  8.9 


Totals 1,990  99.8 

This  district  has  farming  settlements  in  the  western  part  along  the 
line  of  the  Minnesota  and  International  Railroad  and  the  Great  Northern 
Railroad  which  extend  over  the  till  plains  and  clayey  moraines  of  the 
southwest  part.  There  is  also  a  settlement  at  Longville,  southeast  of 
Leech  Lake.  The  remainder  of  the  district  is  very  sparsely  inhabited. 
The  soil  of  much  of  this  district  is  rich  enough  to  justify  large  expendi- 
tures in  road-building  and  in  draining  the  land  and  in  clearing  it  of 
brush.  The  heavy  soil  of  the  till  plains  and  clayey  moraines  of  Cass 
County  is  well  adapted  for  stock-raising  and  dairying  as  well  as  general 
farming.  The  iron  mines  in  the  southeast  comer  of  this  district  have 
brought  in  a  large  population  which  gives  a  good  home  market  for  garden 
produce  and  dairy  products  of  that  locality. 
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HUBBASD  COUNTY 

Hubbard  County  is  a  rectangular  tract  seven  townships  long  and  four 
townships  wide  lying  west  of  Cass  and  south  of  Beltrami  County.  It 
contains  1,008  square  miles,  of  which  about  93  square  miles  are  estimated 
to  be  covered  by  small  lakes.  The  census  of  1910  gives  the  land  area  as 
958  square  miles,  some  of  the  lakes  apparently  being  included. 

The  southern  end  of  the  county  is  occupied  by  a  large  plain  of 
sandy  gravel  in  which  there  are  a  number  of  small  lakes  and  marshes 
of  considerable  extent.  North  of  this  is  a  great  moraine  of  sandy  and 
gravelly  constitution,  in  which  a  number  of  lakes  are  included,  and  from 
which  the  sandy  outwash  of  the  plain  to  the  south  was  derived.  On 
its  north  border  the  moraine  becomes  more  clayey  and  graduates  into 
a  till  plain  which  occupies  much  of  the  northern  third  of  the  county. 
There  are  small  areas  of  sandy  land  along  the  north  border,  one  being 
in  the  northeast  comer  near  Farris,  and  another  a  few  miles  southwest 
of  Bemidji,  both  of  which  extend  into  the  great  sandy  plain  of  the 
southern  part  of  Beltrami  County.  The  till  plain  has  a  pebbly  clay  loam 
soil  and  constitutes  the  best  farming  land  in  the  county,  there  being 
several  prosperous  farming  settlements  on  it.  A  portion  of  the  sandy 
plain  in  the  southern  part  of  the  county  had  no  forest  on  it  at  the  time 
the  country  was  settled,  so  that  farms  were  easily  cleared  and  brought 
into  cultivation.  The  district  around  Park  Rapids  and  Hubbard  was 
therefore  settled  long  before  the  neighboring  forested  areas. 

Percentages  of  Classes  of  Land  in  Hubbard  County 

Per  cent 
Sq.  miles  of  county 

Sandy  moraine,  with  light  sandy  to  gravelly  loam 

soil  267  26.5 

Clayey  moraine,  with  pebbly  clay  loam  soil 151  15.0 

Outwash  gravel  plains 153  15.1 

Till  plain,  with  pebbly  clay  loam  soil 224  22.2 

Small  lakes 93  9.3 

Swamp  land 120  11.9 

Totals  . . . ., 1,008  100.0 

Farm  and  Crop  Data  for  Hubbard  County  from  the  Cefisus  of  1910 

Percentage  of  land  area  in  farms 24.8 

Percentage  of  farm  land  improved 36.6 

Average  acres  per  farm 180.3 
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Average  improved  acres  per  farm 66.1 

Value  of  all  farm  property $3,175,028.00 

Percentage  of  gain  since  1900 212.1 

Cereals  produced  in  1909 $171,961.00 

Other  grains  and  seeds $9,417.00 

Hay  and  forage $116,760.00 

Vegetables  $89,302.00 

Fruits  and  nuts $1,029.00 

All  other  crops $74,052.00 

A  considerable  part  of  the  gain  in  value  of  farm  property  in  Hubbard 
County  is  due  to  development  of  new  farms.  The  average  value  of  land 
per  acre  in  1900,  according  to  the  National  Census,  was  $7.10,  or  slightly 
more  than  half  of  that  of  1910.  The  present  value  of  land  is  somewhat 
higher  than  in  1910,  and  may  average,  with  improvements  included, 
about  $30.00  per  acre. 

WADENA  COUNTY 

Wadena  County  embraces  only  fifteen  townships  or  an  area  of  540 
square  miles.  Its  southern  edge  extends  3  or  4  miles  beyond  the  south- 
em  limits  of  the  map  accompanying  this  report,  but  the  discussion  em- 
braces the  whole  county.  The  greater  part  of  this  county  is  a  sandy 
outwash  plain,  a  southward  continuation  of  that  in  Hubbard  County. 
Along  the  west  border,  however,  there  is  a  till  plain  with  pebbly  clay  loam 
soil  embracing  an  estimated  area  of  117  square  miles,  or,  including 
swamps,  a  little  more  than  one  fifth  of  the  county.  The  southern  end 
of  the  county,  in  the  vicinity  of  the  Northern  Pacific  Railroad,  has  been 
settled  for  many  years.  The  western  range  of  townships,  along  the  line 
of  the  Great  Northern  Railroad,  has  more  recently  been  converted  into 
farms.  But  in  the  northeast  part  of  the  county  there  are  still  very  few 
settlers.  That  part  of  the  county  has  considerable  wet  land.  The  entire 
county  has  been  estimated  by  George  A.  Ralph  to  contain  80,000  acres 
of  swamp    (Drainage  Engineer's  Report,  1906) . 

In  the  part  of  this  county  south  of  Leaf  River  there  was  a  re-advance 
of  ice  over  the  gfravelly  outwash  which  greatly  increased  the  fertility  by 
introducing  clayey  calcareous  drift  a  few  feet  thick  and  mixing  it  with 
the  gravel.  The  farms  are  kept  in  a  good  state  of  fertility  by  the  grow- 
ing of  clover  which  thrives  on  this  soil. 

Farm  and  Crop  Data  for  Wadena  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 46.1 

Percentage  of  farm  land  improved ^3.9 


Digitized  by  VjOOQIC 


66  SURFACE  FORMATIONS  OF  MINNESOTA 

Average  acres  per  farm 158.0 

Average  improved  acres  per  farm 69.4 

Value  of  all  farm  property $4,697,499.00 

Percentage  of  gain  since  1900 130.00 

Cereals  produced  in  1909 $263,978.00 

Other  grains  and  seeds $13,170.00 

Hay  and  forage $136,990.00 

Fruits  and  nuts $486.00 

All  other  crops $45,269.00 

Total  crop  production  in  1909 $512,294.00 

NORTHERN  OTTERTAIL  COUNTY 

The  map  accompanying  this  report  includes  twenty-six  full  townships 
and  parts  of  nine  other  townships  in  the  northern  part  of  Ottertail 
Cotmty.  The  discussion  and  estimates  here  given  will  cover  the  entire 
thirty-five  townships  or  1,260  square  miles. 

In  the  northeastern  part  of  the  county  there  is  an  area  of  about 
200  square  miles  of  till  plain  with  a  pebbly  clay  loam  soil,  parts  of  which 
are  thickly  strewn  with  bowlders.  It  includes  a  few  small  lakes  and 
swamps,  and,  until  cleared  of  brush,  parts  of  it  are  poorly  drained.  The 
surface,  however,  is  undulating  and  but  a  moderate  amount  of  ditching 
will  be  required  to  render  much  of  the  wet  area  suitable  for  cultiva- 
tion. 

In  the  northern  and  central  parts  of  the  county  there  is  a  very 
rugged  moraine  of  sandy  constitution  with  local  developments  of  clayey 
drift.  This  includes  a  multitude  of  small  lakes  and  undrained  basins 
which  in  several  townships  comprise  nearly  half  the  surface.  Estimates 
of  the  percentages  of  dry  and  wet  land  made  from  the  topographic  sheets 
of  the  United  States  Geological  Survey,  are  presented  below.  In  a  large 
part  of  this  area  of  morainic  drift  it  would  be  difficult  to  find  a  square 
mile  of  land  free  from  swamp  or  lake,  and  in  some  townships  there  is 
scarcely  a  40-acre  lot  free  from  wet  land.  The  slopes  of  the  morainic 
knolls  are  also  steep,  as  may  be  seen  by  an  inspection  of  the  topographic 
sheets.  It  is  an  interesting  fact  that  this  morainic  area  with  its  ex- 
tremely rough  surface  stands  almost  in  sight  of  the  featureless  plains 
of  the  Red  River  Valley,  a  few  miles  to  the  west.  Here  it  would  be  diffi- 
cult to  carry  a  straight  furrow  for  more  than  a  fraction  of  a  mile,  while 
on  the  neighboring  plains  there  is  nothing  to  turn  the  plow  aside.  This 
rugged  district,  known  as  the  Park  Region  of  Minnesota,  seems  best 
adapted  for  grazing  and  dairying.  The  soil  is  of  sufficient  strength  to 
give  good  pasturage,  while  there  is  no  lack  of  water  supply  for  the  stock. 

The  western  limits  of  this  rugged  moraine  are  at  the  east  side  of 
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A.      DRAINING   A    MUSKEG    SWAMP   IN    ROSEAU   COUNTY 


B.     DRAINED    SWAMP  IN   PENNINGTON    COUNTY    WITH    FOREST   ON    LAKE-WASHED   TILL    IN 

BACKGROUND 
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Pelican  River  Valley.  To  the  west  of  that  valley  is  a  moraine  of  clayey 
constitution  and  more  gently  undulating  surface.  This  is  in  places  thick- 
ly set  with  small  lakes  but  the  amount  of  lake  and  marsh  is  scarcely 
half  as  great  as  in  the  more  rugged  moraine  to  the  east.  Almost  the 
entire  area  of  this  clayey  moraine  is  under  cultivation  and  the  marshy 
ground  is  utilized  to  a  considerable  extent  for  pasturage.  This  tract 
stands  at  the  border  between  forest  and  prairie,  only  a  part  of  its  sur- 
face being  occupied  by  forests  and  groves. 

There  is  an  extensive  outwash  plain  around  Ottertail  Lake  and  Rush 
Lake,  and  lines  of  glacial  drainage  come  down  to  it  from  the  north.  One 
of  these  is  along  the  line  of  Ottertail  River  and  the  other  along  Toad 
River.  In  this  outwash  plain  and  the  lines  of  glacial  drainage  just  men- 
tioned, lakes  and  basins  are  very  ntmierous,  as  in  the  rugged  moraine  to 
the  west,  but  there  is  a  much  smaller  amount  of  swamp  land  than  in  the 
moraine.  The  dry  land  also  has  a  level  surface  and  thus  contrasts  strik- 
ingly with  the  rugged  surface  of  the  moraine.  This  plain  varies  in  fer- 
tility in  proportion  to  the  amount  of  loam  in  the  soil  and  in  proportion 
to  the  nearness  of  the  water  table  to  its  surface.  The  soil  is,  how- 
ever, on  the  whole  lighter  than  that  of  the  neighboring  moraines. 

There  are  two  sharp  gravel  ridges,  termed  eskers,  in  the  northeastern 
part  of  Ottertail  County,  one  being  east  of  Pine  Lake,  and  the  other  on 
the  upland  south  of  Perham.  These  are  more  winding  and  sharper  than 
the  shore  lines  of  the  glacial  Lake  Agassiz,  but  like  the  shore  lines  are 
composed  of  sandy  gravel.  Ridges  of  this  class  often  occur  on  till  plains 
where  gravel  for  roads  is  an  important  asset.  The  ridge  east  of  Pine 
Lake  may  thus  serve  a  useful  purpose. 

Percentages  of  Classes  of  Land  in  Northern  Ottertail  County 

Per  cent 
Sq.  inileB  of  district 

Sandy  moraine,  with  sandy  to  gravelly  loam  soil 258  20.4 

Clayey  moraine,  with  pebbly  clay  loam  soil 160  12.7 

Outwash  gravel  and  sandy  glacial  drainage  deposits.  229  18.2 

Till  plain,  with  prevailingly  clay  loam  soil 217  17.2 

Lakes  and  swamps 396  31.5 


Totals  1,260  100.0 

The  estimates  of  swamp  land  and  lakes  in  the  Perham,  Vergas,  Battle 
Lake,  Underwood,  and  Fergus  Falls  topographic  sheets,*  so  far  as  they 
fall  within  this  district,  have  been  computed  section  by  section,  and  their 

^  These  topographic  sheets  are  obtainable  at  10  cents  each,  or  $6.00  per  hundred  sheets,  from 
the  Director  U.  S.  Geological  Surrey.  Washington,  D.  C 
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aggregate  for  each  township  follows.  The  border  between  lake  and 
swamp  is  m  many  cases  so  indefinite  on  the  topographic  sheets  that  sepa- 
rate estimates  have  not  been  made. 

Percentage  of  Lakes  and  Swamps  in  Certain  Towfiships  of  Northern 

Ottertail  County 

Percent 
lakes  and 
Sq.  miles  swamps 

Western  third  of  T.  137,  R.  38  W 3.6  30 

Western  third  of  T.  136,  R.  38  W 5.6  47 

Western  third  of  T.  135,  R.  38  W 6.2  51.6 

Western  third  of  T.  134,  R.  38  W 1.7  14 

T.  137  N.,  R.  39  W 11.4  32 

T.  136  N.,  R.  39  W 5.9  17 

T.  135  N.,  R.  39  W 16.6  46 

T.  134  N.,  R.  39  W 18.9  52.5 

T.  137  N.,  R.  40  W 14.6  40 

T.  136  N.,  R.  40  W 16.2  45 

T.  135  N.,  R.  40  W 20.4  56.6 

T.  134  N.,  R.  40  W 20  55.5 

T.  137  N.,  R.  41  W 9.5  27 

T.  136  N.,  R.  41  W 14.6  40.5 

T.  135  N.,  R.  41  W 23.1  64 

T.  134  N.,  R.  41  W 12  33.3 

T.  137  N.,  R.  42  W.  (two  thirds  of  township) 10.6  44 

T.  136  N..  R.  42  W.  (five  sixths  of  township) 20.9  70 

T.  135  N.,  R.  42  W.  (33  square  miles) 12.8  39 

T.  134  N.,  R.  42  W 12.5  34.7 

T.  135  N.,  R.  43  W.  (south  half) 3.6  20 

T.  134  N.,  R.  43  W 11.9  33 

T.  135  N.,  R.  44  W.  (15  square  miles) 2.8  18.66 

T.  134  N.,  R.  44  W.  (30  square  miles) 6.7  22.3 

BECKER  COUNTY 

Becker  County  lies  north  of  Ottertail  County  and  embraces  40  town- 
ships, or  1,440  sections.  The  number  of  square  miles,  as  estimated  by 
Upham  in  his  report  on  Becker  County  for  the  Geological  Survey  of 
Minnesota,  is  1,445.41.  Upham  also  estimated  the  area  of  lakes  in  this 
county  to  aggregate  137.5  square  miles,  thus  leaving  a  land  area  of  1,308 
square  miles.  The  swamp  land  as  estimated  by  the  present  writer 
amounts  to  about  250  square  miles. 
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Becker  County  includes  the  continuation  of  the  same  series  of  mo- 
raines, till  plains,  and  outwash  gravel  plains,  which  have  been  described 
in  northern  Ottertail  County.  There  is  a  bowlder-strewn  till  plain  in 
the  southeast  part.  North  and  west  of  this  are  extensive  plains  of  out- 
wash  gravel,  and  beyond  these  the  very  rugged  sandy  moraine,  while 
farther  west  are  gently  undulating  clayey  moraines  and  till  plains.  In 
the  midst  of  the  great  sandy  moraine  there  is  an  outwash  plain  setting  in 
immediately  north  of  the  city  of  Detroit  and  extending  southwestward 
into  northwestern  Ottertail  County,  with  a  general  width  of  4  or  5  miles. 
Its  surface  is  more  undulating  than  the  ordinary  outwash  plains,  and 
lakes  of  considerable  size  lie  in  it  or  on  its  border.  It  contrasts  strikingly 
with  the  neighboring  moraines  in  its  freedom  from  bowlders,  and  it  also 
lacks  the  loam  which  is  generally  present  on  the  moraines.  A  similar 
gravelly  outwash  tract  is  present  in  the  nndst  of  the  great  sandy  moraine 
in  the  northern  part  of  the  county  a  few  miles  east  of  the  White  Earth 
Agency, 

The  White  Earth  Indian  Reservation  occupies  twelve  townships  in 
the  northern  part  of  the  county.  I^  this  reservation  considerable  land  is 
cultivated  on  the  till  plains  and  clayey  moraine  along  and  west  of  the 
Soo  Railroad,  and  a  small  tract  is  cultivated  on  the  outwash  gravel  plain 
north  of  Ponsford.  With  these  exceptions  the  portion  of  the  reservation 
in  Becker  County  is  practically  in  its  wild  state. 

The  western  part  of  Becker  County  is  along  the  border  line  between 
the  forest  and  prairie,  and  is  practically  all  under  cultivation,  and  the 
major  portion  of  the  land  is  settled  as  far  east  as  Richwood,  Detroit, 
and  Frazee.  There  are  also  old  settlements  on  the  outwash  gravel  plains 
around  Ponsford  and  Osage,  a  considerable  part  of  the  plain  being  prairie 
or  covered  by  a  very,  scrubby  timber.  The  ease  of  clearing  such  land 
compared  to  that  of  the  heavily  forested  but  richer  land  to  the  south 
accounts  for  its  earlier  settlement.  Even  now  there  is  very  sparse  set- 
tlement of  the  southeast  part  of  the  county,  though  it  is  well  suited  for 
agriculture.  On  the  rough  morainic  land  east  from  Richwood  farming 
is  scarcely  yet  begun.  There  is  a  belt  several  miles  wide  running  south- 
ward across  the  county  along  either  side  of  Ottertail  River  which  seems 
well  suited  for  grazing  land,  but  much  of  it  is  rather  broken  for  farm- 
ing. 

Percentages  of  Classes  of  Land  in  Becker  County 

Per  cent 
Sq.  miles  of  county 

Sandy  moraine,  with  sandy  to  gravelly  loam  soil. . .      402  28.2 

Clayey  moraine,  with  pebbly  clay  loam  soil 160  11.1 

Outwash  gravel  and  glacial  drainage  deposits 239  16.6 
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Per  cent 
Sq.  miles  of  county 

Till  plain,  with  pebbly  clay  loam  soil 253  17.6 

Swiamp  land 247  17.0 

Lakes   137  9.5 

Totals 1,440  100.0 

Farm  and  Crop  Data  for  Becker  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 41.1 

Percentage  of  farm  land  improved 50.4 

Average  acres  per  farm 171.2 

Average  improved  acres  per  farm 86.3 

Value  of  all  farm  property $11,795,410.00 

Percentage  of  increase  since  1900 124.2 

Cereals  produced  in  1909 $976,176.00 

Other  grains  and  seeds $64,545.00 

Hay  and  forage $300,673.00 

Vegetables  $100,164.00 

Fruits  and  nuts $6,045.00 

All  other  crops $108,225.00 

Total  crop  value $1,556,328.00 

MAHNOMEN   COUNTY 

Mahnomen  County  was  organized  from  a  part  of  Norman  County 
in  1906  and  embraces  the  greater  part  of  the  White  Earth  Indian  Reser- 
vation, there  being  sixteen  townships  or  576  square  miles  in  the  county. 
The  western  half  is  almost  entirely  a  clayey  till  plain  and  this  plain 
extends  a  few  miles  into  the  eastern  half,  in  the  central  portion  of  the 
county.  It  is  diversified  by  a  few  gfravelly  knolls,  and  also  by  a  few 
small  lakes.  The  eastern  half  is  largely  morainic,  the  northeastern  por- 
tion being  a  clayey  moraine  and  the  southeastern  portion  more  sandy  and 
gravelly.  A  line  of  glacial  drainage  with  sandy  soil  runs  along  the  east 
border  of  the  northern  half  of  the  county,  and  then  leads  southwestward 
past  Twin  Lakes  into  northern  Becker  County. 

Percentage  of  Classes  of  Land  in  Mahnomen  County 

Per  cent 
Sq.  miles  of  county 

Sandy  moraine,  with  sandy  to  gravelly  loam  soil 70  12.2 

Clayey  moraine,  with  pebbly  clay  loam  soil 146  25.5 

Outwash  gravel  and  sandy  glacial  drainage  deposits,       25  4.5 
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Per  cent 
Sq.  miles  of  county 

Clayey  till  plain,  with  pebbly  clay  loam  soil 309  54.0 

Lakes  and  swamp  land 22  3.8 


Totals 572  100.0 

The  western  half  of  the  county  is  largely  prairie  and  contains  nearly 
all  the  land  under  cultivation.  Fully  three  fourths  of  the  prairie,  how- 
ever, is  in  a  wild  state,  though  having  a  very  rich  soil. 

Farm  and  Crop  Data  for  Mahnomen  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 11.5 

Percentage  of  farm  land  improved 57.4 

Average  acres  per  farm 169.3 

Average  improved  acres  per  farm 97.3 

Total  value  of  farm  property $1,234,111.00 

Cereals  produced  in  1909 $94,707.00 

Other  grains  and  seeds $13,248.00 

Hay  and  forage $23,793.00 

Vegetables  $8,884.00 

Fruits  and  nuts $9.00 

All  other  crops $4,994.00 

Total  crop  production  in  1909 $145,635.00 

NORMAN   COUNTY 

Norman  County,  which  borders  on  Red  River,  has,  since  Mahnomen 
County  was  cut  off,  an  area  of  860  square  miles.  All  of  this  except  125 
square  miles  on  the  eastern  border  was  covered  by  the  waters  of  the  glacial 
Lake  Agassiz.  Nearly  half  the  county  has  the  rich  black  clay  and  clay 
loam  of  the  Red  River  Valley.  On  the  eastern  border,  above  the  limits 
of  the  lake,  there  is  a  till  plain,  nearly  all  prairie,  with  rich  black  pebbly 
clay  loam  soil.  Between  the  clay  belt  of  the  Red  River  Valley  and  this 
tin  plain  is  a  sandy  belt  from  8  to  15  miles  wide  on  which  occur  a  number 
of  successive  shore  lines  of  Lake  Agassiz.  These  shore  lines  are  nar- 
row ridges  of  sand  or  sandy  gravel  occupying  scarcely  more  than  one 
tenth  of  the  sandy  belt.  Just  below  the  upper  beach  there  are  narrow 
strips  of  lake-washed  till  with  sandy  to  clay  loam  soil.  A  few  sand  dunes 
occur  in  the  northeast  part  of  the  county,  and  there  is  some  sand  on 
the  till  beyond  the  limits  of  the  lake  east  of  Flaming  and  northward  to 
Fertile  in  Polk  County.  In  the  southeast  part  of  the  county  outside  the 
limits  of  Lake  Agassiz  there  are  scattered  clusters  of  gravelly  knolls  rising 
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from  50  to  75  feet  above  the  surrounding  till  plain.    These  may  mark  a 
temporary  ice  border  and  thus  be  of  morainic  character. 

Percentages  of  Classes  of  Land  in  Norman  County 

Per  cent 

Sq.  miles  of  county 

Gravelly  glacial  knolls 3  0.3 

Till  plain  with  sandy  patches 14  1.6 

Till  plain  with  black  pebbly  clay  loam  soil 102  11.9 

Lake  shores  and  associated  sand 265  30.9 

Stony  or  pebbly  sandy  loam,  lake-washed  drift 50  5.8 

Black  clay  and  clay  loam,  lacustrine 405  47.1 

Swamp  land 21  2.4 


Totals 860  100.0 

Aside  from  a  part  of  the  sandy  land,  Norman  County  has  an  excep- 
tionally productive  soil,  and  as  indicated  by  the  table  below,  it  is  very 
largely  under  cultivation.  Wheat,  oats,  and  barley  are  raised  in  large 
amounts.  Farm  prices  have  made  some  advance  since  1910,  the  average 
value  of  a  farm  with  good  buildings  being  now  fully  $50.00  per  acre. 

Farm  and  Crop  Data  for  Norman  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 76 

Percentage  of  farm  land  improved 75.2 

Average  acres  per  farm 253.2 

Average  improved  acres  per  farm 190.4 

Value  of  all  farm  property $16,371,171.00 

Average  value  of  a  farm $9,904.00 

Cereals  produced  in  1909 $2,013,945.00 

Other  grains  and  seeds $146,889.00 

Hay  and  forage $274,104.00 

Vegetables  $59,918.00 

Fruits  and  nuts $3,043.00 

All  other  crops $37,643.00 

Total  crop  value  in  1909 $2,535,542.00 

CLAY  COUNTY 

Clay  County,  of  which  Moorhead  is  the  county  seat,  has  an  area  of 
1,043  square  miles  and  extends  from  Red  River  eastward  a  few  miles 
beyond  the  limits  of  the  glacial  Lake  Agassiz.    The  western  third  of  the 
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county  has  the  black  clay  and  clay  loam  of  the  Red  River  Valley ;  but  a 
narrow  water-laid  moraine  with  surface  bowlders  and  looser  soil  trav- 
erses its  southern  part  centrally  from  north  to  south.  East  of  the  black 
clay  district  is  a  strip  of  sandy  land  from  6  to  10  miles  wide,  in  which 
several  successive  beaches  of  Lake  Agassiz  are  present.  There  is  also 
a  water-laid  moraine  among  the  beaches  and  partly  covered  by  lake 
sand.  Bamesville  stands  on  it  and  it  is  well  developed  for  several  miles 
north  of  that  village.  In  the  vicinity  of  Bamesville  it  is  thickly  strewn 
with  bowlders,  but  farther  north  they  are  usually  covered  by  lake  sand. 
In  the  northeastern  part  of  the  county,  outside  the  limits  of  Lake  Agas- 
siz, there  is  a  till  plain  with  rich  prairie  soil  of  slightly  pebbly  clay  loam. 
From  near  Hitterdal  southwestward  to  Muskoda  there  is  a  moraine  with 
numerous  basins  and  small  lakes  among  its  swells  and  ridges.  From 
Muskoda  it  runs  southward  along  the  border  of  Lake  Agassiz.  It  is 
generally  composed  of  clayey  till  but  includes  some  gravelly  knolls  and 
some  sandy  land.  Outside  of  this  moraine  is  a  strip  of  gently  undulating 
till  with  level  patches  of  gravel  and  sand  which  follows  down  Buffalo 
River  to  Hawley,  but  is  very  narrow  farther  south.  In  the  southeast 
part  of  the  county  is  a  prominent  moraine  which  extends  into  Becker 
and  Ottertail  counties.  It  has  a  rich  prairie  soil  with  pebbly  clay  loam  sub- 
soil. Its  surface  is  rolling,  but  its  slopes  are  gentle  enough  for  easy 
cultivation.  It  includes  a  number  of  small  lakes,  and  a  small  percentage 
of  swampy  land. 

Percentages  of  Classes  of  Land  in  Clay  County 

Per  cent 
Sq.  miles  of  county 

Sandy  moraine,  with  sandy  to  gravelly  loam  soil. . .  10  1.0 

Clayey  moraine,  with  pebbly  clay  loam  soil 157  15.0 

Water-laid  moraine  with  variable  soil 16  1.5 

Till  plain  with  pebbly  clay  loam  soil 120  11.5 

Stony  or  pebbly  sandy  loam,  lake- washed  drift 28  2.8 

Sandy  deposits  and  old  lake  shores  of  pebbly  sand . .  305  29.2 

Black  clay  and  clay  loam,  lacustrine 400  38.4 

Swamp  land 7  0.6 

Totals  1,043  100.0 

Farm  and  Crop  Data  for  Clay  County  from  the  Census  of  1910 

Percentage  of  land  area  in  farms 79.6 

Percentage  of  farm  land  improved 82.0 

Average  acres  per  farm 305.8 
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Average  improved  acres  per  farm 250.8 

Value  of  all  farm  property $23,924,607.00 

Percentage  of  increase  since  1900 100.4 

Cereals  produced  in  1909 $2,622,637.00 

Other  grains  and  seeds $112,902.00 

Hay  and  forage $447,917.00 

Vegetables $607,158.00 

Fruits  and  nuts $3,840.00 

All  other  crops $21,634.00 

Total  crop  value  in  1909 $3,816,088.00 

NORTHERN   WILKIN   COUNTY 

An  area  of  381  square  miles  in  northern  Wilkin  County,  comprising 
townships  134  to  136  N.,  ranges  45  to  48  west,  is  here  discussed.  It  falls 
within  the  limits  of  the  glacial  Lake  Agassiz,  except  a  narrow  strip  from 
IJ  to  4  miles  wide  on  the  eastern  border  which  rises  above  the  level  of 
that  lake.  The  black  clay  and  clay  loam  of  the  Red  River  Valley  ex- 
tends only  1  to  2  miles  east  from  the  river  at  the  southern  edge  of 
this  district,  and  about  7  miles  at  the  northern.  There  is  a  tract  of  lake- 
washed  till  extending  from  near  the  river  eastward  to  the  upper  beach  of 
Lake  Agassiz  in  T.  134  N.,  Rs.  45  to  47  W.,  and  the  south  part  of  T.  135 
N.,  Rs.  45  to  47  W.  Farther  north  in  the  northern  part  of  T.  135  N.,  Rs. 
45  to  47  W.,  and  in  T.  136  N.,  Rs.  45  to  47  W.,  there  is  a  sandy  coating 
over  the  till,  so  that  it  is  exposed  in  only  a  few  narrow  strips.  Several 
ridges  of  sandy  gravel,  marking  the  shores  of  Lake  Agassiz,  traverse  the 
eastern  part  of  this  district,  and  scattered  ridges  occur  farther  west,  there 
being  a  prominent  one  from  3  to  6  miles  north-northeast  of  Kent,  and  less 
conspicuous  ones  a  few  miles  farther  north. 

The  water-laid  moraine  on  which  Barnesville  stands  runs  southward 
through  the  eastern  part  of  T.  136  N.,  R.  46  W.  and  has  a  strong  beach 
developed  on  its  western  slope.  The  part  of  the  district  standing  above 
the  level  of  Lake  Agassiz  consists  of  a  narrow  till  plain  immediately  east 
of  the  high  shore  line,  and  a  clayey  moraine  along  the  eastern  side  of 
the  county  which  extends  into  Ottertail  County. 

With  the  exception  of  a  few  small  brushy  areas  along  the  streams 
this  is  a  prairie  region  and  the  clayey  portion  has  a  rich  black  soil.  The 
sandy  portions  vary  considerably  in  fertility.  A  few  square  miles  in 
T.  135  and  136  N.,  R.  47  W.  have  a  light  sand  which  is  subject  to  drifting 
by  the  wind.  The  old  shore  lines  are  composed  of  a  sandy  gravel  with 
rather  light  soil,  but  sandy  tracts  among  them  have  an  admixture  of 
loam,  and  also  have  less  depth  to  the  water  table,  so  that  they  are  mod- 
erately productive. 
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Percentages  of  Classes  of  Land  in  Northern  Wilkin  County 

Per  cent 
Sq.  miles  of  district 

Clayey  moraine,  with  pebbly  clay  loam  soil 22  5.8 

Till  plain,  with  pebbly  clay  loam  soil 28  7.4 

Stony  or  pebbly  sandy  loam,  lake-washed  drift 102  26.7 

Pebbly  clay  loam,  lake-washed  drift 58  15.2 

Sandy  desposits  of  Lake  Agassiz 91  23.9 

Black  clay  and  clay  loam,  lacustrine 70  18.4 

Swamp  land 10  2.6 


Totals    381  100.0 

The  extent  of  cultivation  of  the  land  in  Wilkin  County  is  about  the 
same  as  in  northern  Clay  County,  and  there  is  a  similar  land  value  and 
crop  production. 
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INTRODUCTION 
By  W.  H.  Emmons 

Soil  is  the  loose  tmconsolidated  material  which  nearly  everywhere 
covers  the  surface  of  the  earth  and  in  which  plant  life  may  be  maintained. 
It  is  made  up  of  finely  divided  rock  in  which  decaying  v^etable  matter 
and  animal  matter  are  mingled.  A  soil  is  generally  in  a  state  of  change. 
It  is  being  washed  little  by  little  to  the  creeks  and  rivers  which  carry  it 
to  the  sea,  where  it  often  forms  delta  deposits ;  if  no  new  soil  formed, 
hard  rock  would  finally  be  exposed  instead  of  the  loose  plant-producing 
soil.  But  rocks  at  and  near  the  surface  are  continually  changing  and 
new  soil  is  being  formed  from  the  imderlying  rock  or  from  loose  clayey 
or  gravelly  material  that  may  constitute  the  subsoil,  or  from  bowldery 
material  that  at  many  places  in  Minnesota  lies  between  the  hard  rock 
and  the  soil 

Water  and  air  attack  rock  matter  and  break  it  down.  Heat  and  cold, 
freezing  and  thawing,  shatter  the  rocks  and  give  plants  an  opportunity 
to  send  roots  into  the  cracks  that  are  formed,  and  these,  prying  the  rocks 
apart,  reduce  them  to  particles  of  still  smaller  size.  Even  the  hard,  solid 
rocks  are  ultimately  broken  down;  a  building  of  good  solid  stone  may 
crumble  in  a  few  htmdred  years,  particularly  in  a  moist  climate. 

Some  of  the  rocky  matter  is  dissolved  by  the  water  and  carried  to  the 
sea  in  solution.  It  is  such  dissolved  material  that  makes  water  ''hard'' 
and  that  gathers  in  the  bottom  of  a  vessel  when  water  is  boiled.  But 
not  all  of  the  soluble  substances  are  dissolved  and  carried  away;  some 
remain  in  the  soil  and  the  character  of  the  soil  depends  largely  upon 
these.  Some  soils  are  acid  because  they  have  not  enough  lime.  Some 
are  deficient  in  potash  or  phosphates,  which  are  necessary  if  soil  is  to 
produce  certain  crops  satisfactorily. 

Because  it  forms  the  soil,  the  composition  of  the  imderlying  material 
is  of  great  importance.  In  Minnesota  most  of  the  soil  is  the  weathered 
portion  of  glacial  drift  or  of  lake  beds  and  other  features  connected  with 
the  deposition  of  the  drift.  Long  ago  nearly  all  of  what  is  now  the  state 
of  Minnesota  was  covered  over  widi  a  great  ice  sheet  hundreds  of  feet 
thick  that  slowly  moved  down  from  the  Canadian  highland  carrying  with 
it  rocky  material  which  it  had  gadiered  in  the  north.  When  the  ice 
melted  it  left  large  quantities  of  rock  and  soil  that  had  mingled  with 
the  ice  and  this  material  is  the  loose  drift  that  lies  between  the  hard 
rock  and  the  surface.  At  many  places  where  it  is  not  yet  disint^rated 
it  appears  as  large  groups  of  bowlders  mixed  with  clay.    Although  the 
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ice  sheet  moved  very  slowly,  perhaps  not  more  than  a  few  rods  a  year 
or  even  less,  it  ^ was  active  for  a  long  period  and  locally  it  scoured  the 
country  clean  of  soil  and  loose  material  which  on  melting  it  piled  up 
somewhere  else. 

This  statement  of  the  origin  of  the  loose  material  or  drift  is  not 
speculation,  but  is  substantiated  by  the  most  convincing  facts.  The  de- 
posits and  all  of  the  features  of  the  country  formerly  covered  with  ice 
are  like  those  that  may  now  be  observed  in  Greenland  or  Antarctica, 
where  the  slowly  moving  ice  fields  or  glaciers  still  cover  bodies  of  land 
of  continental  proportions.  Glacial  bowlders,  bowlder  clay,  scratches  on 
the  rocks,  morainal  hills  and  kettles,  all  ordered  with  respect  to  definite 
features  of  the  former  ice  sheet,  may  be  seen  at  thousands  of  places  in 
Minnesota. 

In  the  northern  parts  of  Cook,  Lake,  and  St.  Louis  counties  the  ice 
sheet  removed  the  soil  and  subsoil,  laying  bare  the  underlying  hard  rock. 
Before  the  ice  melted  in  this  r^on  it  had  carried  the  loose  material 
away.  Since  that  time  there  has  been  some  weathering  of  the  rock, 
but  at  most  places  not  enough  to  give  a  good  workable  soil.  Many  of 
these  areas  are  in  the  Superior  National  Forest  and  are  well  suited  for 
growing  forests  although  they  have  little  or  no  value  for  farming.  In  the 
southern  parts  of  these  counties  near  the  lake  there  are  areas  with  loose 
sandy  soil  well  suited  to  growing  garden  truck. 

The  last  great  ice  sheet  that  covered  the  area  melted  very  slowly  and 
the  southern  part  was  melted  long  before  the  northern  part.  The  ice 
that  still  remained  in  the  north  formed  a  great  dam  which  held  back 
the  drainage  of  the  Red  River  basin  and  formed  a  large  lake  which  is 
called  the  glacial  Lake  Agassiz.  This  extended  from  the  Red  River 
Valley  and  plains  of  Manitoba  as  far  east  as  the  western  part  of  the  area 
herein  described,  covering  nearly  all  of  Koochiching  County  and  the 
northwestern  part  of  St.  Louis  County.  When  the  ice  retreated  and 
this  lake  was  drained,  there  were  left  the  old  beach  ridges  which  now 
supply  building  sites  and  road  material.  Extensive  beds  of  lake  sediments 
were  left  also,  and  when  these  are  suitably  drained  they  make  good  soil. 
Other  lakes  smaller  than  Lake  Agassiz,  but  yet  extensive,  were  formed 
also.  When  they  were  drained,  their  beds  likewise  became  available  for 
plant  growth  and  where  properly  drained  they  generally  make  good  soil, 
especially  where  the  soil  contains  sufficient  clay. 

Swamps  are  very  numerous  in  the  northeast  quarter  of  the  state. 
They  are  portions  of  the  old  lake  beds  and  other  poorly  drained  areas  and 
are  of  little  value  for  ag^culture  until  drained.  Since  the  ice  melted  a 
growth  of  vegetation  has  been  established  on  them  and  great  thicknesses 
of  partially  decayed  v^etation  have  accumulated  in  them.    This  forms 
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the  peat  which  is  found  in  so  many  of  the  swamps.  Some  of  it  is  very 
thick  and  will  doubtless  become  a  valuable  asset  in  the  future  when  other 
fuels  shall  have  become  more  costly. 

The  great  productivity  of  Minnesota  soils  is  due,  not  only  to  their 
recent  origin  by  reason  of  which  nearly  all  of  them  still  contain  the 
soluble  mineral  foods  for  plants,  but  also  to  a  favorable  climate.  The 
low  temperatures  which  frequently  prevail  during  certain  periods  in 
winter  make  for  healthful  conditions  for  animal  life  and  they  also  benefit 
plant  life.  The  rainfall,  though  not  excessively  great,  is  sufiicient  and, 
since  most  of  it  occurs  during  the  growing  period,  drouths  are  rare  and 
crop  failures  almost  unknown  except  in  the  more  sandy  soils,  which  are, 
however,  adapted  to  quick-growing  crops  like  potatoes.  As  shown  herein, 
the  length  of  the  crop-growing  season,  that  is,  the  time  between  late  spring 
frosts  and  early  autumn  frosts,  is  between  loo  and  170  days  for  all  ex- 
cept the  extreme  northeast  comer  of  the  state.  The  long  days,  high 
proportion  of  sunshine,  and  the  moderate  humidity  are  all  favorable  to 
plant  growth. 

This  bulletin  is  a  preliminary  paper  which  treats  the  soils  of  only 
the  northeast  quarter  of  Minnesota.  It  will  be  followed  by  a  report  on 
the  entire  state,  the  field  work  for  which  already  has  been  completed. 
The  work  has  been  done  in  accordance  with  the  agreement  for  coopera- 
tion between  the  United  States  Geological  Survey  and  the  Minnesota 
Geolc^cal  Survey,  entered  into,  March,  1912.  By  this  agreement  the 
services  of  Mr.  Frank  Leverett  were  secured  for  surveying  the  surface 
formations  and  soils.  Mr.  Leverett  has  been  engaged  since  1886,  or 
thirty  years,  in  studying  the  surface  geology  of  the  Great  Lakes  region 
and  because  of  his  large  experience  in  the  greater  area  he  was  particularly 
well  prepared  to  undertake  the  studies  in  Minnesota.  He  has  spent, 
moreover,  considerable  time  in  the  state  studying  its  physiography  in  con- 
nection with  the  preparation  of  a  monograph  for  the  United  States  Geol- 
c^cal  Survey.  Since  the  reorganization  of  the  State  Survey,  the  salary 
of  Mr.  Leverett  has  been  met  by  the  United  States  Geological  Survey, 
while  the  greater  part  of  his  expenses  have  been  paid  by  the  Stafe  Survey. 
The  State  Survey  has  provided  also  for  this  work  the  services  and  ex- 
penses of  Professor  F.  W.  Sardeson,  who  has  assisted  in  this  work  for 
the  past  five  seasons.  For  a  short  period,  also,  the  State  has  supplied 
the  services  of  Dr.  Arthur  H.  Elftman.  We  wish  to  acknowledge  the 
generous  assistance  of  the  Division  of  Soils  of  the  Department  of  Agri- 
culture of  the  University  of  Minnesota  and  of  the  United  States  Bureau 
of  Soils.  The  valuable  contributions  to  the  knowledge  of  the  surface 
formations  of  Minnesota  by  the  Minnesota  Geological  and  Natural  His- 
tory Survey,  tmder  the  direction  of  Professor  N.  H.  Winchell,  particu- 
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larly  those  of  Mr.  Warren  Upham  of  that  Survey,  have  aided  greatly 
in  the  preparation  of  this  report.  The  section  on  climatic  conditions  in 
Minnesota  has  been  generously  contributed  without  any  cost  to  the  Sur- 
v^  by  Mr.  U.  G.  Purssell,  Director  of  the  Minnesota  Section  of  the 
United  States  Weather  Bureau.  In  the  preparation  of  the  maps  and 
other  data  showing  dates  of  killing  frosts,  lengths  of  growing  season, 
rainfall,  etc.,  Professor  C.  J.  Posey  has  rendered  efficient  service. 

The  cost  of  preparation  of  this  report  has  been  met  by  the  Minne- 
sota Geological  Survey  and  the  United  States  Geological  Survey.  This 
bulletin  is  printed  by  the  Minnesbta  Geological  Survey.  Arrangements 
have  been  made  so  that  land  and  colonization  companies  can  secure  these 
reports  at  actual  cost  of  printing,  and  it  is  expected  that  this  arrange- 
ment will  secure  a  wide  distribution.  The  maps  are  not  intended  to  be 
used  as  a  basis  for  the  purchase  of  land ;  they  do  not  give  an  accurate 
description  of  each  forty-acre  tract  or  each  section,  but  they  show  the 
general  classification  of  the  land,  its  climate,  and  its  surroundings. 
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SURFACE  FORMATIONS  AND  AGRICULTURAL 

CONDITIONS  IN  NORTHEASTERN 

MINNESOTA 

By  Frank  Leverett  and  Fsedekick  W.  Sabdeson 

FIELD  WORK  AND  ACKNOWLEDGEMENTS 

The  field  embraced  in  this  report  on  northeastern  Minnesota  includes 
the  whole  of  Cook,  Lake,  and  St.  Louis  counties,  and  parts  of  Koochi- 
ching, Itasca,  Cass,  Crow  Wing,  Aitkin,  and  Carlton  counties.  Its  south- 
em  limit  is  the  median  line  of  the  state,  which  is  near  latitude  46^  25', 
and  its  western  line  is  the  94th  meridian.  It  embraces  about  17,280  square 
miles,  a  little  more  than  20  per  cent  of  the  state. 

Following  the  plan  in  Bulletin  No.  12,  on  Northwestern  Minnesota, 
a  brief  general  description  of  the  surface  features  and  deposits  of  the 
entire  state  is  given,  and  the  climate  of  the  entire  state  also  is  discussed. 

In  addition  to  the  field  work  by  the  authors,  assistance  was  rendered 
by  Earl  R.  Preston  for  two  months  in  studies  in  Cook,  Lake,  and  St.  Louis 
counties.  In  the  study  of  these  counties  assistance  was  also  rendered 
by  Dr.  Arthur  H.  Elftman  for  a  brief  period.  Dr.  Elftman  had,  some 
years  previously,  explored  a  considerable  part  of  Lake  and  Cook  coun- 
ties as  a  member  of  the  Geological  Survey  imder  Professor  N.  H.  Win- 
chell,  and  was  thus  able  to  supply  valuable  data  in  reference  to  parts  of 
the  county  which  now  are  not  easily  accessible,  because  of  the  lack  of 
roads  or  trails,  and  which  were  then  studied  by  working  out  from  camps 
and  by  canoe  trips  through  the  lakes  and  connecting  streams.  In  the 
preparation  of  this  report  much  aid  has  been  derived  from  the  publica- 
tions of  the  Geological  and  Natural  History  Survey  of  Minnesota,  pre- 
pared under  the  direction  of  Professor  N.  H.  Winchell.  Much  use  has 
been  made  also  of  the  volume  by  George  A.  Ralph,  State  Drainage  Engi- 
neer, entitled  Topographical  and  Drainage  Survey  of  Minnesota  for  ipo6. 
Its  maps  have  been  especially  valuable  as  a  basis  for  estimating  the  swamp 
land  areas,  and  its  lines  of  levels  for  drawing  the  contours  which  appear 
on  Plate  I  of  the  present  report.  Aid  has  been  rendered  also  by  numer- 
ous residents  of  the  region  in  supplying  information  and  in  guidance 
through  parts  difiicult  of  access,  a  kind  of  assistance  which  is  especially 
valuable  in  a  region  so  sparsely  inhabited  and  imperfectly  opened  to 
travel 
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CHAPTER  I 

PHYSICAL  FEATURES  OF  MINNESOTA 

TOPOGRAPHY  OF  MINNESOTA 
GENERAL  STATEMENT 

The  position  of  Minnesota  is  near  the  center  of  the  North  American 
Continent,  and  the  state  embraces  an  area  of  84,682  square  miles,  of 
which  about  93  per  cent  is  land  and  7  per  cent  water.  Its  extreme  length 
is  nearly  400  miles,  from  latitude  43*^  30',  at  the  Iowa  line,  to  a  point 
about  23  miles  north  of  the  49th  parallel,  in  the  projection  known  as  the 
Northwest  Angle,  northwest  of  Lake  of  the  Woods.  The  greatest  width 
is  367  miles,  but  the  average  width  is  only  about  225  miles,  or  but  little 
more  than  half  of  the  length. 

Minnesota  presents  more  variety  in  surface  features  than  most  of 
the  north  central  states,  yet  a  great  part  of  its  surface  is  level  or  only 
gently  undulating.  The  flattest  portion  falls  largely  in  the  northwest 
quarter,  and  was  once  the  bed  of  the  glacial  Lake  Agassiz,  a  lake  held  in 
on  the  north,  in  central  Canada,  by  the  great  ice  sheet.  The  rough- 
est portion  is  in  the  northeastern  quarter  within  the  area  embraced  in 
this  report.  This  part  is  composed  largely  of  volcanic  formations  and 
iron-bearing  rocks  which,  though  glaciated,  were  not  everywhere  buried 
beneath  the  glacial  deposits.  In  the  southeastern  part  of  the  state  deep 
erosion  valleys  along  the  Mississippi  and  its  tributaries  present  bold  rock 
bluffs  300  to  600  feet  high.  The  interior  and  southern  parts  of  the  state 
have  features  due  almost  entirely  to  the  work  of  the  great  ice  sheets, 
which  at  successive  times,  and  from  different  directions,  overspread  Min- 
nesota. The  glacial  deposits  comprise  an  intricate  system  of  moraines 
with  undulating  to  hilly  surface,  associated  with  which  are  level  outwash 
plains  of  sand  and  gravel,  and  gently  undulating  intermorainic  till  plains. 
The  moraines  were  formed  along  the  border  of  the  ice  at  definite  lines 
where  the  edge  of  the  ice  held  its  position  for  a  relatively  long  time.  They 
consist  of  sharp  knolls  and  inclosed  basins  and  also  of  more  or  less 
parallel  ridges  which,  however,  interlock  in  places.  These  moraines  are 
distributed  in  rudely  concentric  systems  which  mark  successive  positions 
of  the  border  of  each  ice  sheet  as  it  was  melting  off  from  this  region. 
The  outwash  plains  lie  on  the  outer  border  of  the  moraines,  where  sandy 
gravel  was  spread  out  by  dirt-laden  waters  escaping  from  the  ice.  The 
till  plains  lie  along  the  inner  or  iceward  border  of  the  moraines  and  rep- 
resent areas  over  which  the  ice  border  melted  back  somewhat  rapidly, 
forming  relatively  few  knolls  and  ridges. 
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ALTITUDE 

The  altitude  of  Minnesota  ranges  from  602  feet,  the  level  of  Lake 
Superior,  up  to  2,230  feet,  on  high  rock  hills  in  the  northeast  part  of  the 
state,  in  western  Cook  Coimty.  The  small  map.  Figure  i,  shows  that  a 
kirge  part  of  the  state  falls  between  1,000  and  1,500  feet.  The  average  alti- 
tude of  the  state  is  not  far  from  1,200  feet.  The  portions  above  1,500 
feet  lie  chiefly  in  two  areas,  one  at  the  northeast  and  one  at  the  southwest 
comer  of  the  state,  though  there  is  a  good  sized  area  around  the  sources 
of  the  Mississippi  River  in  the  western  part,  and  several  smaller  areas  in 
that  vicinity;  one  of  these  in  the  southern  part  of  Otter  Tail  County  is 
known  as  the  Leaf  Hills.  The  altitude  of  the  elevated  area  in  the  south- 
western part  falls  short  a  little  of  reaching  2,000  feet,  but  that  in  the 
northeastern  part  includes  several  small  areas,  chiefly  in  Cook  County, 
that  rise  above  2,000  feet.  The  portions  below  1,000  feet  fall  in  two  areas 
widely  separated  except  for  a  connecting  line  along  the  Minnesota  val- 
ley, one  being  on  the  western  edge  of  the  state  and  the  other  on  the' 
eastern.  There  is  also  a  narrow  strip  bordering  Lake  Superior.  The 
lOO-foot  contours  which  appear  on  the  glacial  and  soil  map  of  north- 
eastern Minnesota  (Plate  I),  show  the  altitude  relations  in  the  district 
embraced  in  the  present  report,  while  Figure  i  sets  forth  the  conditions 
for  the  remainder  of  the  state. 

RELIEF 

The  most  conspicuous  relief  is  found  in  the  "Sawtooth  Range"  and 
other  prominent  ridges  that  closely  border  Lake  Superior  and  which 
rise  abruptly  from  500  to  900  feet  above  the  lake.  The  rock  ranges 
lying  bade  from  the  shore,  though  more  elevated  than  those  fronting 
on  the  lake,  seldom  rise  more  than  from  200  to  300  feet  above  the 
swamps  and  lakes  among  them.  In  fact  several  of  the  lakes  of  Cook 
Coimty  are  above  1,900  feet  or  within  300  feet  of  the  level  of  the  highest 
points  in  the  state,  llie  most  prominent  part  of  the  Mesabi  Iron  Range 
in  St.  Louis  County  rises  from  400  to  450  feet  above  bordering  plains. 
The  Coteau  des  Prairies  rises  about  700  feet  above  the  plain  northeast 
of  its  border,  but  in  Minnesota  the  rise  is  usually  spread  over  a  space  of 
from  12  to  15  miles  or  more  in  width,  so  that  the  elevation  can  scarcely 
be  appreciated  by  one  crossing  over  it.  There  is  a  rather  rapid  rise  of 
from  300  to  500  feet  to  the  sharp  range  of  hills  in  Otter  Tail  and  Becker 
counties  from  the  Red  River  valley.  This  rise  is  of  especial  interest 
since  it  seems  to  have  some  influence  on  the  rainfall,  the  precipitation 
being  greater  in  these  hills  where  air  currents  are  forced  upward  and 
cooled  than  in  the  bordering  lower  lands  to  the  north,  west,  and  south. 
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EXPLANATORY  NOTE,  FIGURE  i 

This  map  shows  the  great  extent  of  land  in  Minnesota  standing  between  1,000 
and  ifSOO  feet  above  sea  level,  as  well  as  the  distribution  of  the  higher  areas  and 
of  areas  standing  below  1,000  feet 

It  shows  also  the  efifect  of  low  areas  in  favoring  the  movement  of  the  latest 
invasion  of  ice  from  the  north,  that  which  deposited  the  young  gray  Keewatin 
drift,  as  well  as  the  effect  of  the  high  areas  in  checking  the  movement  The  great 
axial  movement  of  the  ice  was  through  the  low-lying  Red  River  basin,  much  of 
which  is  below  1,000  feet,  and  thence  down  the  Minnesota  valley  to  the  great  bend 
at  Mankato  over  a  plain  much  of  which  is  below  z,ioo  feet  The  thumb-like  off- 
shoot of  the  ice,  in  a  lobe  extending  from  Wright  and  Hennepin  counties  north- 
eastward across  Anoka,  Isanti,  and  Chisago  counties,  into  the  edge  of  Wisconsin, 
was  apparently  induced  by  an  exceptionally  low  area,  largely  below  1,000  feet, 
over  which  it  passed.  In  northern  Minnesota  the  ice  passed  over  the  relatively  low 
land,  1,200  to  1,300  feet,  along  and  near  the  Mississippi  River  in  Cass  and  Itasca 
counties,  into  the  St  Louis  River  basin  in  St  Louis  County,  and  down  &e  Missis- 
sippi in  Aitkin  County;  but  it  was  so  checked  by  higher  land,  1,500  to  1,750  feet,  in 
Qearwater,  Becker,  and  Hubbard  counties,  that  it  could  there  reach  only  south- 
eastern Hubbard  and  neighboring  parts  of  Cass  and  Wadena  counties.  The  Mesabi 
Range  also  held  the  ice  border  back  nearly  to  the  western  edge  of  St  Louis  County 
while  it  pushed  eastward  some  distance  in  St  Louis  County,  both  north  and  south 
of  the  range. 

The  topography  also  influenced  ice  movement  in  the  northeast  part  of  the 
state.  There  was  a  strong  movement  of  ice  southwestward  through  the  Superior 
basin,  with  its  northwest  border  only  a  few  miles  back  from  the  shore  on  the 
high  land,  much  of  which  stands  1,500  feet  or  more  above  the  sea.  This  high 
land  was  largely  covered  by  a  southward  ice  movement  from  still  higher  land  in 
the  neighboring  part  of  Canada.  The  relations  of  this  ice  movement  to  that  in 
the  Superior  basin,  as  well  aa  to  that  which  covered  western  Minnesota  is  set 
forth  in  the  discussion  of  the  glacial  deposits. 
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DRAINAGE 

The  drainage  of  Minnesota  is  widely  divergent,  part  of  it  leading  to 
the  Gulf  of  Mexico,  part  to  the  Gulf  of  St.  Lawrence,  and  part  to  Hud- 
son Bay.  The  Gulf  of  Mexico  receives  about  57  per  cent,  the  St.  Law- 
rence less  than  9  per  cent,  and  Hudson  Bay  fully  34  per  cent  of  the  drain- 
age. There  was  a  time,  however,  after  the  glacial  ice  had  melted  from 
Minnesota  but  was  still  occupying  the  northeast  part  of  the  Superior 
basin  and  neighboring  parts  of  Ontario  and  Manitoba,  when  all  the  drain- 
age was  southward  to  the  Gulf  of  Mexico.  The  western  Superior  basin 
then  overflowed  into  the  St.  Croix  River,  while  the  Red  River  drainage 
basin,  largely  covered  by  Lake  Agassiz,  drained  southward  through  Lakes 
Traverse  and  Bigstone  into  the  Minnesota  valley. 

The  drainage  to  the  south,  or  Gulf  of  Mexico,  has  generally  a  gentle 
descent,  and  waterfalls  are  rather  rare,  though  the  Mississippi  has  not- 
able falls  at  Minneapolis  and  there  are  one  or  more  falls  or  rapids  on 
several  of  the  tributaries.  The  drainage  to  Lake  Superior  is  generally 
rapid  and  nearly  every  stream  has  several  cascades.  There  is,  however, 
a  wide  area  of  the  upper  St.  Louis  basin  in  which  that  stream  and  its 
tributaries  have  relatively  gentle  descent  for  many  miles.  The  Hudson 
Bay  drainage  has  a  few  rapids  and  waterfalls  in  the  headwater  part  of 
Rainy  River  and  its  tributaries,  but  Red  River  and  its  main  Minnesota 
affluent.  Red  Lake  River,  have  no  falls  since  no  outcrops  of  solid  rock 
occur  along  tliem.  There  is,  however,  very  rapid  descent  for  a  few  miles 
along  Red  Lake  River  and  its  tributary  Qearwater  River  in  Red  Lake 
County.  Red  River  is  subject  to  great  freshets  because  its  lower  course 
often  remains  frozen  after  the  southern  or  headwater  part  has  broken 
up.  Thus  ice  jams  are  formed  which  divert  the  waters  from  the  channel 
over  the  bordering  plain. 

Of  the  17,280  square  miles  of  the  area  embraced  in  the  present  re- 
port, 5,550  square  miles  drain  to  Lake  Superior,  8,042  square  miles  to 
Rainy  River  of  the  Hudson  Bay  drainage  system,  and  3,688  square  miles 
to  the  Mississippi  River  and  tributaries.  The  streams  of  these  several 
drainage  systems  are  interwoven  in  the  western  part  of  the  area,  there 
being  no  prominent  dividing  ridges  to  separate  them.  In  some  cases  a 
swamp  may  be  drained  either  to  the  Hudson  Bay  or  to  the  Gulf  of  Mexico 
system,  while  other  swamps  may  be  drained  either  to  the  Mississippi 
system  or  to  Lake  Superior.  In  the  northeastern  part  of  the  area  there 
is  less  interweaving  of  the  drainage,  though  even  there  easy  canoe  port- 
ages are  made  between  the  Hudson  Bay  drainage  and  the  drainage  to 
Lake  Superior. 
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LAKES 

Throughout  much  of  Minnesota:,  except  the  northwest,  southwest, 
and  southeast  comers,  small  lakes  are  a  common  feature.  They  usually 
occupy  basins  among  the  moraine  ridges  and  knolls  and  on  the  outwash 
plains,  but  occur  to  some  extent  also  on  the  till  plains  and  among  rock 
knobs.  The  combined  area  of  the  lakes  within  the  state  is  estimated  to 
be  about  5,650  square  miles,  or  nearly  7  per  cent  of  the  entire  area.  The 
largest  lake  is  Red  Lake,  a  very  shallow  body  of  water  with  an  area  of 
440  square  miles.  Other  large  lakes  are  Mille  Lacs,  also  very  shallow, 
Leech,  Winnibigoshish,  and  Minnetonka.  Minnetonka  and  the  southern 
part  of  Leech  Lake  extend  into  a  network  of  deep  depressions  among 
morainic  ridges,  but  the  other  lakes  are  largely  in  plains  that  are  slightly 
below  the  neighboring  districts,  partly  morainic  and  partly  plain. 

SURFACE  GEOLOGY 

ROCK  AREAS 

The  areas  in  which  rock  is  so  exposed  as  to  render  the  land  untillable 
are  largely  in  the  northeast  quarter  of  the  state,  or  along  valleys  in  the 
southeast  quarter.  The  northwest  quarter  is  estimated  to  have  less  than 
10  square  miles  of  bare  rock  outcrop,  and  the  southwest  scarcely  100 
square  miles.  It  is  doubtful  if  there  is  an  area  of  1,000  square  miles 
in  the  entire  state  in  which  the  plow  would  generally  strike  into  rock 
ledges.  The  rock  areas  thus  form  a  much  smaller  percentage  of  the 
state  than  the  lake  areas.  The  rock  areas  of  the  northeast  part  are  chiefly 
rock  bosses  standing  above  the  surrounding  land,  but  the  beds  of  the 
streams  that  lead  directly  down  to  Lake  Superior  are  also  usually  on  rock 
ledges.  Among  the  rock  knobs  are  some  depressions  covered  only  with 
moss  and  peaty  material,  glacial  material  being  scanty,  but  ordinarily 
some  glacial  material  is  present  and  nearly  all  the  land  has  soil  enough 
over  the  bedrock  to  support  a  rich  forest  growth.  Many  of  the  knobs 
preserve  the  smooth  surface  left  by  the  scouring  effect  of  the  ice  sheet  and 
are  nearly  destitute  of  vegetation.  But  certain  others  have  become  disin- 
tegrated to  a  depth  of  several  inches  or  even  to  several  feet  from  the  sur- 
face and  are  supporting  growths  of  vegetation  of  considerable  density. 

The  rock  areas  of  the  southwest  part  of  the  state  are  largely  of  Sioux 
quartzite  which  in  places  comes  to  the  surface  over  areas  of  several  square 
miles.  The  rocks  hav.e  scarcely  enough  soil  over  them  to  support  the 
scanty  v^etation.  There  are  a  few  small  areas  of  granite  knobs  along 
the  Minnesota  Valley  from  Bigstone  Lake  down  to  New  Ulm.  In  the 
driftless  area  and  part  of  the  drift-covered  area  in  southeastern  Minne-:^ 
sota,  rock  ledges  of  limestone  and  sandstone  outcrop  along  the  steep 
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slopes  of  the  valleys,  often  forming  walls  of  considerable  height  Rock 
is  rarely  exposed  along  the  stream  beds  and  valley  bottoms.  The  uplands 
and  the  higher  parts  of  the  slopes  of  the  valleys  even  in  the  drif  tless  area 
usually  have  several  feet  of  residuary  clay  and  also  a  coating  of  loess  or 
wind-deposited  silt  loam  covering  the  rode  formations  and  rendering  the 
land  tillable. 

THE  EAKTHY  MANTLE 
GBNBSAL  STATEMENT 

The  variety  of  earthy,  sandy,  and  gravelly  unconsolidated  deposits 
which  cover  the  rocky  floor  of  Minnesota  were  formed  or  deposited  by 
different  agencies  and  at  different  times.  They  may  be  grouped  as  fol- 
lows: 

First.  Residuary  material. 

Second.  Wind  deposits. 

Third.  Glacial  deposits. 

Fourth.  Stream  deposits. 

Fifth.  Lake  deposits. 

HESmUAKY  MATEBIAL 

The  residuary  material,  as  its  name  implies,  has  been  left  as  a  residue 
during  the  breaking  down  or  decay  of  the  surface  rocks  through  weather- 
ing and  solution.  On  limestones  it  is  usually  a  dark,  reddish  brown, 
gummy  clay,  but  on  sandstones  and  crystalline  rocks  it  is  usually  granu- 
lar and  loose-textured.  There  is  but  a  small  part  of  Minnesota,  chiefly 
in  the  southeastern  counties,  where  residuary  material  is  within  reach 
of  the  plow.  It  occurs  there  on  the  upper  part  of  the  slopes  of  the  val- 
leys and  on  the  narrow  upland  strips  between  valleys,  but  it  is  usually  cov- 
ered by  loess. 

WIND  DEPOSITS 

Loess. — ^The  wind-deposited  material  known  as  loess  is  largely  a  fine 
silt  loam,  which  forms  the  stu-face  in  an  area  in  the  southeast  part  of 
the  state  embracing  much  of  Goodhue,  Olmsted,  Wabasha,  Winona,  Fill- 
more, and  Houston  counties  and  parts  of  Mower,  Dodge,  Rice,  and  Da- 
kota counties.  It  covers  a  small  tract  in  the  southwest  part  of  the  state 
in  Rock,  southern  Pipestone,  and  western  Nobles  cotmties.  In  the  south- 
eastern counties  it  rests  in  part  on  glacial  drift  deposits  and  in  part  on 
the  residuary  clay  and  rock  formations  of  the  driftless  area.  In  the 
southwestern  part  it  covers  glacial  deposits.  In  the  southeast  district  its 
border  is  very  irregular,  there  being  long  strips  of  loess-covered  land  pro- 
.jbcting  westward  or  northwestward  into  the  region  free  from  loess,  and 
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A,      SUPERIOR   RED   DRIFT   OV^ER   PATRICIAN   RED  DRIFT    NEAR   CLOQUET.     THE   MAN    SITS   ON 
A  BOULDER  AT  THEIR  JUNCTION 


B,      CLAYEY    KEEWATIN    DRIFT    OVER    STONY    PATRICIAN    DRIFT    AT    BIWABIK  '      OP* 
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also  long  strips  free  from  loess  extending  eastward  into  the  loess-covered 
tracts.  The  condition  there  is  such  as  might  result  from  the  presence  or 
absence  of  v^etation  giving  di£Ferent  dq^rees  of  protective  power  from 
the  wind ;  areas  with  dense  vegetation  being  able  to  hold  dust  that  settled 
from  the  atmosphere  while  bare  ones  allowed  it  to  be  gathered  up  and 
carried  on. 

Wind-blown  sand. — ^Wind-blown  sand  is  also  an  important  deposit.  It 
embraces  a  district  east  of  the  Mississippi  from  Minneapolis  up  to  Brain- 
erd.  It  is  narrow  above  St.  Cloud,  but  below  that  city  extends  east- 
ward to  the  St.  Croix  River.  The  sand  does  not,  however,  cover  the  en- 
tire surface  in  this  area.  Where  present  it  rests  upon  glacial  deposits. 
It  has  low  ridges  seldom  20  feet  and  usually  10  feet  or  less  in  height 
There  is  more  or  less  wind-drifted  sand  in  the  sandy  parts  of  the  St. 
Louis  River  drainage  basin,  but  it  is  sparingly  developed  compared  to 
that  in  the  district  between  the  Mississippi  and  St.  Croix  rivers.  Wind- 
blown sand  occurs  also  in  Aitkin  County  in  the  vicinity  of  McGregor  and 
also  in  the  northeastern  part  of  the  cotmty  in  island-like  tracts  that  are 
surrounded  by  marshes.  There  are  ntmierous  small  areas  of  such  sand 
scattered  over  the  state,  some  of  them  being  along  the  shores  of  the  glacial 
Lake  Agassiz. 

GLACIAL  DEPOSITS 

The  glacial  deposits  as  shown  in  Figure  2  extend  over  the  entire  state 
except  eastern  Winona  County  and  the  greater  part  of  Houston  Coimty, 
which  are  in  the  driftless  area  of  the  upper  Mississippi.  They  underlie 
the  wind-deposited  sands  and  much  of  the  loess  area.  They  also  underlie 
stream  deposits  and  lake  sediments.  The  glacial  deposits  are  separable 
into  till  or  bowlder  clay  in  which  stones,  clay,  and  sand  are  closely  com- 
mingled ;  and  into  sand  or  gravel  beds  which  show  some  assorting  and 
bedding  by  water  action.  The  percentage  of  stony  material  varies  greatly 
and  the  matrix  also  shows  variations  from  compact  clay  to  loose  sand. 
These  variations  are  to  be  expected  in  a  deposit  that  had  been  formed 
from  the  dirt  and  stones  included  in  an  ice  sheet.  Every  observing  farmer 
has  probably  noted  and  perhaps  speculated  upon  the  cause  for  these  varia- 
tions in  the  drift  deposits  which  form  the  basis  for  so  large  a  part  of  the 
Minnesota  soil.  The  assorted  sand  and  gravel  beds  are  largely  due  to 
waters  escaping  from  the  melting  ice  and  many  of  them  may  be  traced 
up  to  a  moraine  which  marked  the  position  of  the  ice  border  at  the  time 
they  were  laid  down.  They  show  a  decrease  in  coarseness  in  passing 
away  from  the  edge  of  the  moraine,  the  coarse  material  having  been 
dropped  close  to  the  edge  of  the  ice  and  bnly  the  fine  carried  to  a  great 
distance  outside. 
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FIGURE  2.      MAP  OF  GLACIAL  DRIFTS,  LOESS,  AND  GLAaAL  LAKES  IN   MINNESOTA 
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The  glacial  deposits  also  show  some  variations  that  relate  to  the  kind 
of  rock  formations  over  which  the  ice  passed.  Thus,  the  northeastern 
portion  of  the  state  has  a  rather  stony  drift  from  the  volcanic  and  hard 
crystalline  rocks  of  that  region.  This  stony  material  was  carried  as  far 
south  as  Dakota  Coimty  and  forms  the  red  drift  of  eastern  and  north- 
eastern Minnesota.  As  indicated  below,  the  red  drift  is  the  product  of 
more  than  one  ice  sheet.  The  western  and  southern  parts  of  the  state 
have  a  large  amount  of  clayey  drift  material  with  limestone  pebbles  im- 
bedded. This  material  was  gathered  by  this  ice  as  it  passed  across  in  its 
southward  course  from  the  shales  and  limestone  of  southern  Manitoba, 
that  greatly  dominate  there  over  the  granite  and  other  crystalline  rocks. 
These  clayey  and  limy  deposits  form  what  is  known  as  the  gray  drift  of 
Minnesota,  and  the  ice  sheet  which  formed  it,  as  the  Keewatin  ice  sheet. 

STREAM   DEPOSITS 

The  stream  deposits,  being  restricted  to  the  valleys,  are  of  limited 
area,  though  in  such  valle)is  as  the  Minnesota  and  Mississippi  they  are 
locally  several  miles  in  width  and  form  important  agricultural  belts.  On 
the  Minnesota  and  the  part  of  the  Mississippi  below  the  confluence  with 
the  Minnesota  the  deposits  made  by  the  rivers  are  sand  or  silt.  On 
the  Mississippi  above  the  mouth  of  the  Minnesota  the  deposits  range 
from  sand  to  coarse  cobble  and  bowlders  in  correspondence  with  the 
swiftness  of  the  stream.  On  nearly  all  the  tributaries  of  the  Mississippi 
and  Minnesota  the  streams  are  able  to  carry  coarse  as  well  as  fine  mate- 
rial. Along  the  Red  River  a  considerable  amount  of  fine  clay  and  clay 
loam  has  been  deposited  in  seasons  of  flood  on  the  plains  outside  the 
immediate  river  channel.  The  deposits  made  by  glacial  streams  or  those 
which  had  their  sources  at  the  edge  of  the  ice  and  were  receiving  much 
of  their  water  from  the  melting  ice,  now  appear  usually  as  terraces  along 
the  valleys  above  the  limits  of  floods.  From  the  fact  that  the  glacial 
rivers  were  of  greater  volume  these  deposits  are  generally  composed  of 
sandy  and  gravelly  material  somewhat  coarser  than  that  carried  by  the 
present  rivers. 

LAKE  DEPOSITS 

The  lake  deposits  consist  of  fine  sediments  washed  into  the  deep  parts 
of  the  lakes,  and  sandy  and  pebbly  deposits  washed  up  and  formed  into 
beaches  along  the  shores.  In  parts  of  the  lakes  where  the  glacial  deposits 
which  they  covered  were  pebbly  and  the  water  was  shallow  enough  for 
wave  action,  there  was  a  concentration  of  stony  material  by  the  washing- 
out  of  the  finer  material.  By  this  process  considerable  areas  of  the  bed 
of  Lake  Agassiz  were  covered  by  very  pebbly  beds  several  inches  in 
depth.    They  are  classed  on  the  soil  maps  as  "lake-washed  till."    In  the 
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narrow  strip  along  the  shore  of  Lake  Superior  that  was  covered  by  the 
waters  of  a  glacial  lake  known  as  Lake  Duluth,  there  is  very  little  fine 
sediment;  gravelly  and  cobbly  beaches  were  formed  at  several  succes- 
sive levels,  while  fine  material  was  washed  down  into  the  deeper  parts  of 
the  basin  covered  by  the  present  lake.  Fine  material  also  covers  the  old 
lake  plain  in  Carlton  County  and  a  strip  on  the  south  side  of  Lake  Su- 
perior. 

THE  GLACIAL  FEATURES  AND  THEIR  HISTORY 

It  has  been  found  through  a  study  of  the  deposits  in  Minnesota  and 
neighboring  states  that  the  glacial  deposits  which  form  so  extensive  a 
mantle  in  Minnesota  are  the  result  of  more  than  one  invasion  of  the 
ice  from  the  Canadian  highlands.  At  each  invasion  the  ice  left  a  de- 
posit of  drift  gathered  partly  from  Canada  and  partly  from  the  deposits 
over  which  it  passed  in  Minnesota.  The  advances  were  so  widely  separ- 
ated in  time  that  the  drift  deposits  of  one  invasion  had  large  valleys  cut 
in  them  by  the  action  of  streams  before  the  next  invasion  occurred.  The 
later  advances  failed  to  reach  the  limits  of  the  earlier  deposits,  so  they 
are  still  exposed  to  view,  and  the  degree  of  erosion  of  the  surface  of  the 
older  can  be  compared  with  that  on  the  surface  of  the  yoimger  deposits. 
It  is  found  that  the  older  drifts  have  been  so  greatly  eroded  and  are  so 
ramified  by  drainage  lines  that  no  lakes  or  tmdrained  basins  remain  on 
them,  while  the  younger  drift  deposits  have  ntmierous  lakes  and  un- 
drained  basins  and  also  large,  poorly  drained  areas  which  the  streams 
have  not  yet  reached.  It  is  because  they  are  not  covered  by  the  latest 
drift  that  Rock  and  Pipestone  counties  in  southwestern  Minnesota,  and 
Goodhue,  Dodge,  Wabasha,  Olmsted,  Winona,  Fillmore,  and  Mower 
counties  in  southeastern  Minnesota  have  no  lakes  and  basins  such  as 
characterize  neighboring  counties  that  were  covered  by  that  drift. 

The  invasions  of  the  ice  into  Minnesota  not  only  took  place  at  dif- 
ferent times,  but  have  come  from  more  than  one  direction  at  about  the 
same  time.  In  the  earlier  invasions  the  greater  part  of  the  state  was 
covered  by  ice  coming  from  Manitoba  as  shown  by  limestone  fragments 
and  pebbles  derived  from  rock  formations  of  that  coimtry  which  are  im- 
bedded in  the  lower  part  of  the  drift  over  all  of  the  state  except  its  north- 
east part.  The  movements  in  the  closmg  stage  of  the  glacial  epoch  were 
more  largely  from  the  northeast,  but  more  than  half  of  the  state  was 
invaded  from  the  northwest.  The  ice  sheets  were  as  follows:  i.  The 
Superior  lobe  of  the  Labrador  ice  sheet,  an  extension  of  ice  southwest- 
ward  from  the  Superior  basin  nearly  to  Mille  Lacs  Lake;  2.  The  Pa- 
trician ice  sheet,  with  southward  movement  from  the  highlands  north  of 
Lake  Superior  across  eastern  Minnesota  to  points  a  little  beyond  St.  Paul  ; 
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3.  The  Keewatin  ice  sheet,  which  moved  southward  through  Manitoba 
and  across  western  Minnesota.  After  the  melting  away  of  the  ice  that 
came  from  the  northern  highlands,  the  Keewatin  ice  sheet  extended  over 
some  of  the  grotmd  that  ice  had  vacated.  It  crossed  the  Mesabi  Range 
into  the  St.  Louis  basin,  and  also  moved  northeastward  from  near  Min- 
neapolis into  Wisconsin.  This  advance  over  earlier  drift  deposits  is 
known  from  the  presence  of  a  thin  deposit  of  clayey  and  limy  drift  con- 
taining rock  material  brought  from  Manitoba  which  covers  the  drift  that 
was  deposited  by  ice  coming  from  the  highlands  northwest  of  Lake  Su- 
perior. The  drift  from  these  highlands  together  with  that  from  the  Lake 
Superior  basin  forms  the  stony  red  drift  of  eastern  Minnesota,  while  that 
from  Manitoba  forms  the  clayey  and  limy  gray  drift  which  covers  almost 
all  of  the  remainder  of  the  state. 

That  the  ice  mass  moved  in  di£Ferent  directions  at  different  times  in 
certain  parts  of  the  state  is  further  shown  by  striations  or  ice  markings 
on  the  surfaces  of  the  rock  ledges.  In  the  district  east  and  south  of  the 
Lake  of  the  Woods  a  set  of  glacial  grooves  or  ice  markings  bears  west 
of  south,  while  a  newer  set  crosses  them  in  an  eastward  or  southeast- 
ward direction.  The  older  set  was  formed  by  ice  moving  into  Minnesota 
from  the  highlands  that  lie  between  Lake  Superior  and  Lake  Winnip^, 
while  the  younger  set  was  formed  by  ice  moving  into  the  state  from 
Manitoba.  In  North  Minneapolis  there  are  rock  ledges  on  which  the 
glacial  grooves  have  three  courses ;  first,  a  southeastward  course  at  the 
time  when  the  old  gray  drift  which  came  from  the  northwest  was  brought 
in ;  second,  a  southward  course  at  a  time  when  the  red  drift  which  came 
from  the  north  was  deposited;  third,  an  eastward  course  at  the  time 
when  the  ice  from  the  northwest  advanced  over  land  that  had  been 
vacated  by  the  ice  which  deposited  the  red  drift. 

GLACIAL  LAKE  FEATURES 

Minnesota  contains  parts  of  the  beds  of  two  lai^ge  glacial  lakes :  Lake 
Duluth,  which  occupied  the  western  part  of  the  Superior  basin,  and  Lake 
Agassiz  which  occupied  the  Red  River  basin.  Lake  Duluth  covered  a 
narrow  strip  along  the  shore  of  Lake  Superior  and  extended  a  few  miles 
beyond  the  west  end  of  Lake  Superior  into  eastern  Carlton  County,  Min- 
nesota. Its  highest  stages  were  500  to  700  feet  above  the  present  surface 
of  Lake  Superior,  there  being  an  increasing  height  toward  the  northeast 
comer  of  the  state.  Lake  Agassiz  extended  as  far  south  as  Lake  Trav- 
erse, and  thence  it  discharged  past  Brown  Valley  to  the  Minnesota. 
Its  border  is  only  from  20  to  30  miles  east  from  the  North  Dakota-Minne- 
sota line  from  Lake  Traverse  northward  to  Polk  County.  About  .*2u 
miles  east-southeast  of  Crookston  it  makes  an  abrupt  eastward  turn 
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and  continues  eastward  past  the  south  side  of  Red  Lake  and  on  across 
Koochiching  County  into  St.  Louis  County  as  far  as  the  valley  of  Little 
Fork  River.  It  then  turns  northward  and  enters  Canada  from  north- 
eastern St.  Louis  County.  There  were  several  islands  in  it  in  northern 
St.  Louis  County. 

Preceding  the  development  of  the  large  glacial  Lake  Agassiz  there 
was  a  temporary  ponding  of  waters  in  front  of  the  ice  in  Koochiching, 
Itasca,  and  St.  Louis  counties  at  a  level  higher  than  that  of  Lake  Agassiz, 
and  a  discharge  of  the  waters  southward  across  the  Mesabi  Iron  Range 
into  the  St.  Louis  basin  along  the  course  of  the  Embarrass  River.  With 
the  melting  back  of  the  ice  border  this  lake  became  merged  with  Lake 
Agassiz,  and  its  waters  then  discharged  into  the  Minnesota  valley. 

There  were  also  two  noteworthy  temporary  lakes  in  northeastern 
Minnesota  which  were  not  held  up  by  ice  barriers,  but  instead  by  land 
barriers  along  their  outlets.  When  these  were  cut  away  the  lakes  be- 
came drained.  One  of  these,  named  Lake  Aitkin  by  Upham,  occupied 
the  plain  bordering  the  Mississippi  in  Aitkin  County  and  extended  a 
short  distance  into  eastern  Crow  Wing  County.  It  was  drained  by  the 
erosion  of  the  Mississippi  valley  at  its  lower  end  just  above  Brainerd. 
The  other  lake,  named  I-ake  Upham  by  Winchell,  occupied  a  consider- 
able part  of  the  St.  Louis  basin  in  western  St.  Louis  County.  It  was 
drained  by  the  erosion  of  the  St.  Louis  valley  below  Floodwood. 

Prominent  features  of  the  two  great  glacial  lakes.  Lake  Agassiz  and 
Lake  Duluth,  are  the  beaches  or  ridges  of  sand  and  gravel  washed  up 
along  their  shores.  The  shores  of  Lake  Agassiz  stand  high  and  dry  above 
the  flat  parts  of  the  lake  bed  between  or  below  them  and  form  excellent 
lines  for  highways.  For  this  reason  much  of  the  pioneer  settlement  and 
travel  was  along  these  ridges.  They  generally  stand  from  5  to  lo  feet 
above  the  bordering  plains  and  occasionally  from  15  to  20  feet.  On  the 
inner  or  lakeward  side  they  are  generally  more  prominent  than  on  the 
outer  or  landward  side.  This  is  due  in  part  to  the  original  slope  toward 
the  center  of  the  lake,  but  there  is  also  a  tendency  for  a  lake  to  eat  back 
into  the  bordering  land  and  throw  its  coarser  material  up  on  the  edge  of 
the  plain  outside;  at  the  same  time  the  fine  material  is  carried  in  sus- 
pension from  the  shore  into  the  deeper  water. 

The  levels  of  these  glacial  lakes  were  lowered  from  time  to  time, 
partly  by  the  cutting-down  of  the  outlets  and  partly  by  an  uplift  of  this 
r^on  which  caused  the  water  to  fall  away  where  the  land  rose.  There 
was  also  a  change  of  outlet  in  Lake  Agassiz  from  the  southern  end  to 
the  northern  and  in  Lake  Duluth  from  the  southward  outlet  into  the 
St  Croix  River  to  an  eastward  outlet  into  the  Lake  Huron  basin.  As 
rii  result  shore  lines  were  formed  at  various  levels  on  the  slopes  of  the 
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old  lake  beds.  Because  of  the  gradual  lowering  of  the  water  level  the 
greater  part  of  the  beds  of  these  glacial  lakes  has  at  some  time  been 
subjected  to  wave  action.  This  has  produced  a  widespread  pebbly  coat- 
ing which  is  a  concentrate  from  the  washing  of  the  surface  of  the  bowl- 
der day  and  the  carrying-away  of  its  finer  material.  Where  the  bowlder 
day  was  sandy,  the  sand  as  well  as  stones  remain,  but  where  it  was 
clayey  there  is  of len  a  clear  bed  of  pebbles  a  few  inches  in  depth  cover- 
ing the  clayey  till  subsoil.  The  deep  part  of  Lake  Agassiz  along  the 
borders  of  Red  River  received  nearly  all  the  fine  sediment  which  was 
washed  out  from  the  till  at  higher  levels.  This  forms  the  bulk  of  the 
ridi  black  clay  and  clay  loam  of  the  Red  River  basin.  At  its  eastern 
border,  fifteen  to  twenty-five  miles  from  Red  River,  there  is  a  transition 
to  sand.  This  is  succeeded  within  two  to  five  miles  east  by  stony  sandy 
deposits  which  seem  to  be  a  glacial  material  worked  over  by  the  lake. 

GENERAL  SOIL  CONDITIONS 

Soil  is  composed  of  materials  derived  from  the  subsoil  and  mixed  with 
organic  matter.  Subsoil  is  the  weathered  and  disintegrated  top  of  the  un- 
derlying geological  formation.  For  its  qualities  and  composition  the 
soil  of  a  given  r^on  therefore  depends  quite  closely  upon  the  nature 
of  the  geological  formations  there  exposed.  In  Minnesota  the  land 
mantle  of  gladal  and  lake  deposits  affords  a  well-mixed  and  rich  supply 
of  materials  suited  for  soil-making.  This  is  particularly  true  where  it 
consists  of  till  or  bowlder  clay  in  which  all  dasses  of  material  are  loosely 
but  thoroughly  mixed.  This  contrasts  with  soils  in  which  there  is  too 
much  uniformity  and  which,  when  of  water- washed  sand  or  gravel,  are 
often  deficient  in  fine  material.  On  the  other  hand,  the  loess  and  the 
lake  silts,  though  of  somewhat  uniform  texture,  make  rich  soils  because 
of  the  variety  of  finely  divided  minerals  which  they  contain. 

The  soil  and  its  productiveness  depends  largely  upon  the  drainage  con- 
ditions. A  soil  of  clay  or  clay  loam  over  gravel  or  loose  sand  suffers 
in  time  of  deficient  rainfall,  while  in  wet  seasons  a  soil  resting  upon  heavy 
clay  may  be  drowned  out  unless  surface  drainage  is  perfectly  adjusted. 
For  this  reason  the  geologic  formation  imderlying  a  soil  is  of  great  im- 
portance. Soil  imderlaid  by  limestone,  by  loess,  or  by  a  till  consisting  of  a 
light  clay,  or  a  heavy  loam  will  stand  great  variation  in  rainfall  and  still  be 
highly  productive.  In  some  parts  of  the  state  the  surface  drainage  is 
naturally  well  developed,  while  in  other  parts  it  needs  to  be  greatly  supple- 
mented by  tile  draining  or  surface  ditching. 

In  the  Driftless  Area  the  drainage  on  the  uplands  is  everywhere  com- 
plete, for  nearly  every  acre  slopes  toward  some  drainage  line.  In  the 
old  drift  also  there  are  few  undrained  areas  and  tiling  or  surface  ditching 
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is  seldom  necessary.  In  the  young  drift  there  are  many  basins,  and  un- 
drained  depressions  and  drainage  lines  are  not  well  distributed  over  the 
surface.  Except,  therefore,  where  the  material  is  loose  enough  for  the 
rainfall  to  be  absorbed  completely  the  yotmg  drift  areas  need  consider- 
able ditching  and  tiling.  In  the  bed  of  Lake  Agassiz,  although  basins  and 
depressions  are  rare,  there  are  wide  areas  where  the  surface  is  very  flat 
and  extensive  and  systematic  tiling  or  ditching  is  required  to  keep  the 
land  from  being  flooded. 

VEGETATION 

The  condition  of  the  soil  depends  to  some  degree  upon  the  character 
of  the  v^etation  which  has  covered  it.  In  prairie  districts  there  is  a 
more  uniform  exposure  to  weathering  agencies  than  in  forested  districts 
and  consequently  a  more  uniform  soil  is  developed  on  a  given  deposit. 
On  the  whole,  leaching  of  lime  seems  to  be  less  rapid  on  prairies  than 
in  forests  so  that  in  the  newer  drift  limestones  are  often  present  at  the 
surface  in  prairies,  but  in  the  forested  areas  limestones  are  usually  dis- 
solved out  to  a  depth  of  some  inches  and  often  to  some  feet  from  the 
surface.  On  the  older  drift  the  limestone  is  generally  removed  to  a 
depth  of  several  feet  both  in  prairie  and  forest,  but  the  leaching  is  per- 
ceptibly deeper  in  the  forested  areas.  The  rate  of  erosion  and  removal  of 
soil  is  more  uniform  in  prairie  than  in  forested  tracts.  It  takes  more 
force  to  dislodge  the  trees  than  the  grassy  vegetation  on  hillside  slopes, 
and  erosion  in  the  forests  is  likely  to  become  concentrated  in  occasional 
gullies,  whereas  on  prairies  there  are  many  small  channels  developed  on 
every  hillside  which  serve  to  break  it  down  rapidly.  On  the  whole,  there- 
fore, erosion  is  greater  but  leaching  is  less  in  prairie  than  in  forested 
areas. 

The  forests  occur  only  on  protected  slopes  in  much  of  southern  Min- 
nesota and  are  absent  from  such  slopes  in  much  of  the  western  part  of 
the  state  (Figure  3).  In  the  central  and  northeastern  parts  they  cover 
plains  or  uplands  as  well  as  valley  slopes.  The  musk^s,  which  have 
a  scanty  forest  growth,  are  developed  chiefly  in  the  northern  half  of  the 
state  and  chiefly  within  the  forested  area. 

WEATHERING 

There  are  parts  of  the  newer  drift  in  which  fresh  material  is  close 
to  the  surface  so  that  they  can  scarcely  be  said  to  have  a  subsoil  different 
from  the  drift  sheet  as  a  whole.  There  are  also  places  on  valley  slopes 
in  the  older  drift  where  unweathered  material  is  close  to  the  surface,  be^ 
cause  erosion  keeps  pace  with  the  weathering  of  the  drift.  At  most 
places,  however,  the  older  drift  has  a  mantle  of  weathered  material  sev- 
eral feet  in  thickness,  while  that  of  the  younger  drift  is  only  one  or  two 
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nOVMB  3.      MAP  OF  MINNESOTA  SHOWING  DISTRIBUTION  OF  FOREST  AND  PRAIRIE.    (aFTES 
MAP  BY  WARREN  UPHAM  AND  BY  FREDERIC  K.  BUTTERS) 
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feet  thick.    In  this  the  feldspar  and  other  minerals  are  disint^^ted  and 
made  ready  for  plant  food. 

Weathering  in  the  loess-covered  areas  is  moderately  deep,  as  it  is  in 
the  older  drift.  The  entire  deposit  of  loess,  however,  is  of  fine  texture 
and  is  found  to  be  very  fertile  from  top  to  bottom. 

LIME 

While  most  of  the  soils  of  the  northwestern  part  of  the  state  seem 
abundantly  supplied  with  lime,  it  is  probable  that  some  of  the  more  sandy 
ones  would  give  a  sufficiently  greater  yield  of  certain  crops  to  make  it 
profitable  to  purchase  some  form  of  lime  if  this  could  be  obtained  at  a 
low  price.  Usually  when  a  soil  needs  lime,  it  is  advisable  to  apply  one 
ton  or  more  of  ground  limestone  or  marl  per  acre.  If  this  has  to  be 
shipped  any  considerable  distance,  the  freight  charges  may  greatly  exceed 
the  cost  of  the  material  on  board  of  the  cars  at  the  point  of  shipment. 
For  this  reason  it  is  important  to  locate  a  supply  as  near  as  possible  to 
the  place  where  it  is  to  be  used. 

Lime  occurs  abundantly  in  two  forms  in  Minnesota:  as  bog-lime  or 
marl,  and  as  limestone.  The  marl  is  unconsolidated  and  easily  pulverized. 
It  needs  no  crushing  or  grinding.  Limestone  is  consolidated  and  must 
be  crushed  or  ground  for  use  on  fields. 

Marl  is  found  in  Minnesota  in  many  lakes  and  under  some  bogs  that 
have  been  lakes.  It  is  of  most  frequent  occurrence  in  the  central  and 
north  central  part  of  the  state.  It  lies  always  in  low  wet  grotmd  and 
can  be  found,  as  a  rule,  only  by  boring  or  ditching.  It  is  a  soft,  white 
or  gray,  chalky  material.  Since  it  needs  no  crushing  or  grinding,  the 
cost  of  the  marl  is  in  the  finding,  ditching  and  draining,  or  drying  of  it. 
Deposits  from  i  to  lo  feet  in  thickness  and  covering  from  i  to  lOO  acres 
are  known  to  be  of  common  occurrence. 

Limestone  formations  outcrop  in  the  bluffs  along  the  Mississippi  and 
its  tributaries  in  southeastern  Minnesota.  The  formations  lie  horizon- 
tally and  are  of  wide  extent,  or  practically  continuous  for  many  miles. 
Limestone  formations  loo  feet  or  more  thick  extend  along  the  valleys 
from  the  southeastern  comer  of  the  state  to  Stillwater,  Minneapolis,  Man- 
kato,  Austin,  and  intermediate  points.  An  inexhaustible  supply  of  lime- 
stone is  easily  found  in  outcrops  that  are  high,  so  that  quarrying,  crush- 
ing, and  loading  can  all  be  done  in  a  down-hill  direction,  the  cost  of  pro- 
duction being  thereby  lessened. 

EFFECT  OF  FIRES 

There  are  large  areas  in  Minnesota  which  have  been  swept  by  forest 
fires,  and  these  fires  have  destroyed  much  of  the  accumulated  leaf  mold. 
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In  sandy  areas  the  destruction  of  the  leaf  mold  may  have  reduced  some- 
what the  productiveness  of  the  land,  for  the  leaf  mold  acts  as  a  mulch 
to  prevent  the  drying  out  of  the  soil.  But  in  clayey  areas  there  seems  to 
have  been  very  little  reduction  of  the  fertility.  The  leaf  mold  in  such 
places,  however,  when  turned  under  has  a  beneficial  effect  in  loosenii^ 
the  stiff  clay.  A  large  area  of  clay  land  in  the  Little  Fork  drainage  basin 
in  St.  Louis  and  southeastern  Koochiching  counties  was  burned  over  some 
fifty  or  more  years  ago,  according  to  statements  of  the  Indians,  and  the 
leaf  mold  was  almost  completely  destroyed.  A  heavy  growth  of  poplar 
has  sprung  up  on  the  drier  parts  instead  of  the  mixed  hardwood  that  had 
occupied  the  land,  while  the  wet  areas  have  a  fresh  stand  of  spruce  (See 
Plate  XIVA).  This  district  is  being  rapidly  cleared  and  is  producing 
exceptionally  good  crops.  The  forest  fire  near  Hinckley  in  Pine  County, 
which  occurred  about  twenty-five  years  ago,  swept  over  an  area  chiefly 
of  till  much  of  which  is  loose-textured.  This  had  a  similar  effect  in 
changing  the  forest  from  mixed  hardwood  and  pine  to  poplar.  This  area 
is  now  one  of  marked  agricultural  fertility  adapted  to  a  variety  of  crops. 
The  principal  damage  by  fire  in  this  state,  both  past  and  prospective, 
seems  to  be  in  the  destruction  of  peat  in  the  bogs.  In  such  cases  there  is , 
not  only  the  loss  of  a  valuable  fuel,  but  the  land  is  left  in  a  rough  state 
ill-suited  for  cultivation. 
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CHAPTER  II 

CUMATIC  CONDITIONS  OF  MINNESOTA 

By  U.  G.  PuissELL 
Director  of  the  Minnesota  Section  of  the  United  States  Weather  Bureau 

INTSODUCnON 

The  agriculture  of  any  r^on  is  controlled  by  its  climate.  In  some 
parts  of  the  world  temperature  is  the  main  factor  in  determining  the 
limits  of  growth  of  certain  kinds  of  crops ;  in  others  it  is  rainfall,  and 
in  still  others  it  is  the  amount  of  sunshine.  All  of  these  factors  are 
important  in  influencing  the  crop  yield  even  in  districts  where  the  gen- 
eral climatic  conditions  are  satisfactory  for  the  growth  of  plants.  In 
Minnesota  these  elements  are  so  favorable  that  a  majority  of  the  crops 
common  to  the  temperate  zone  may  be  successfully  grown,  and  a  failure 
of  all  the  important  crops  is  very  rare  even  over  a  small  portion  of  the 
state. 

Rainfall  is  an  important  factor  for  most  crops  in  the  state,  because 
the  proper  amount  of  water  in. the  soil  at  the  critical  period  of  develop- 
ment of  the  plant  is  necessary  to  produce  a  large  crop.  The  length  of 
the  growing  season  also  is  important  and  probably  no  other  factor  in 
the  study  of  climate  from  the  standpoint  of  the  agriculturist  should  be 
given  more  consideration.  This  is  the  key  to  an  actual  knowledge  as  to 
die  possibilities  of  success  or  failure  in  the  production  of  crops  since 
in  parts  of  the  state  crops  are  menaced  by  frost  at  some  period  of  their 
growth,  whereas  stmshine  and  moisture  seldom  vary  in  Minnesota  beyond 
safe  limits. 

The  factors  which  determine  the  climate  of  any  area  are  the  relative 
distribution  of  land  and  water,  the  topography  of  the  land  surface,  and 
the  situation  of  the  area  in  question  wiUi  relation  to  the  general  move- 
ment of  the  cyclones  and  anti-cyclones. 

The  position  of  Minnesota  at  the  center  of  North  America  gives  it 
a  climate  that  is  largely  continentsd.  In  continental  climates  the  tem- 
perature extremes  are  greater  and  the  htunidity  and  rainfall  generally 
less  than  at  places  near  large  bodies  of  water,  such  as  border  on  the 
Atlantic,  Pacific,  and  Gulf  coasts  of  the  United  States.  The  effect  of 
winds  from  great  bodies  of  water  is  to  equalize  temperatures  of  lands 
near  by  and  to  lengthen  materially  the  crop-growing  season.  This  is  par- 
ticularly true  of  the  country  in  the  vicinity  of  Lake  Superior,  where 
the  influence  of  that  great  inland  sea  in  modifying  the  cold  anti-cyclones 
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gives  to  that  section  a  more  equable  climate  than  would  otherwise  obtain 
in  that  portion  of  the  state.  The  summer  temperatures  are  likewise 
modified  and  people  from  long  distances  inland  in  steadily  increasing 
numbers  are  establishing  stunmer  homes  about  the  lake,  to  which  they 
are  attracted  during  the  hot  summer  months.  There  are  more  than 
7,000  small  lakes  scattered  throughout  the  state  and  these  have  a  mate- 
rial local  influence  in  modifying  the  heat  of  stunmer  and  give  comfort 
to  thousands  of  residents  on  their  shores. 

Monthly  and  annual  reports  of  temperature,  rainfall,  snowfall,  etc, 
have  been  published  for  a  large  number  of  regular  and  cooperative  sta- 
tions in  Minnesota  since  1895.  Recently  three  special  section  reports 
have  been  issued  by  the  United  States  Weather  Bureau  giving  monthly 
and  annual  precipitation  totals  for  all  points  in  the  state  with  a  record 
of  ten  years  or  over,  together  with  average  temperatures  and  other  data. 
In  these  reports  the  more  important  facts  ffom  all  portions  of  the  state 
are  tabulated  and  the  comparative  climatic  conditions  of  the  different  sec- 
tions graphically  shown. 

GENERAL   CUMATIC   CONDITIONS 

Minnesota  is  in  the  path  of  a  large  proportion  of  the  low-pressure 
areas  which  move  across  the  United  States  from  west  to  east.  These 
areas  move  at  an  average  speed  of  600  miles  in  twenty-four  hours  and 
are  preceded  by  southerly  winds  and  higher  temperature  and  followed 
by  northerly  winds  and  lower  temperature.  They  are  usually  accom- 
panied by  cloudy  weather  and  precipitation ;  each  storm  causing  an  aver- 
age of  from  one  to  two  rainy  days  as  it  crosses  the  state. 

As  there  is  an  average  of  almost  two  of  these  storms  each  week  with 
fair  weather  periods  between,  it  follows  that  the  changes  in  weather 
conditions  are  rather  rapid.  One  or  two  days  of  stormy  weather  pre- 
ceded by  fair  weather  and  followed  by  clearing  and  lower  temperatures 
to  be  repeated  in  turn,  make  up  the  usual  routine  for  the  week.  How- 
ever, Minnesota  is  so  far  from  the  coast  that  damaging  ocean  storms 
lose  much  of  their  severity  before  reaching  its  borders. 

The  northwestern  cold  waves  ^ass  across  the  state  and  send  their 
health-giving  winds  into  all  parts,  and  yet  they  are  frequently  not  so 
severe  as  they  are  in  some  of  the  plains  states  in  the  same  latitude  or 
even  farther  south. 

Temperature. — ^The  average  annual  temperature  of  Minnesota  for  the 
period  1895  to  1913  inclusive,  is  41.7^,  as  shown  in  Table  I  and  graph- 
ically by  Figure  4.  The  highest  annual  mean  temperature,  43.9^,  oc- 
curred in  1900,  and  the  lowest,  39.9°,  in  1912.  The  departure  of  the 
average  temperatiu-e  of  any  year  from  the  normal  may  readily  be  deter- 
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figure  4.    map  showing  mean  anjjual  tempekatures  of  minnesota 
(degrees  Fahrenheit) 


26 


Digitized  by  VjOOQIC 


CUMATIC  CONDITIONS  OF  MINNESOTA  27 

mined  by  comparing  the  yearly  average  with  the  mean  at  the  foot  of  the 
column. 

Tabu  I.    Monthly  and  Annual  Mean  Temperature  for  Minnesota  (Degree*  Fahrenheit) 


1899 
1900 

I9P> 
1903 
1903 
1904 
1905 
1906 
1907 
1908 
1909 
1910 
191 X 
191a 
1913 
19x4 


Mean. 


Jan. 


ia.3 

13.2 
15.9 
I  1.3 

17.0 
16.4 

7.2 
16.9 


10.5 


Feb. 


17.9 

16.4 
4.5 
5.2 

xo.o 

1 0.0 

H 
13.8 

X4.8 

17.9 

13.7 

7-'! 
16.6 

XO.'i 

8.6 
a.8 


Mar. 


ai.4 
ao.7 
30.3 
14.7 
23.4 
273 
34.0 
29.6 
24.8 
33.7 

30.6 

28.7 

26.4 
26.x 
41.7 
32.7 
X9.8 
20.4 
a6.6 


April 


49.9 
44.5 
43.7 
43-5 
44.0 

46.7 
42.6 

3^*8 
42.0 
47.9 
34.7 
45.a 
3S.8 
40.0 
42.7 
45.5 
46.4 
41.2 


May 


56.9 
60.9 
55.; 
55.6 
55.1 

59-9 
58.2 
57.0 
55.7 
55.4 
52.6 
53.7 
45.5 
53.9 
53.2 
51.6 
59.8 
55.9 
52.7 
57.6 


June 


64.6 
66.5 
62.5 
67.0 

ttt 

62.3 
63.2 
63.0 
63.7 
63.3 
62.5 
65.0 
67.8 
69.7 
62.5 
67.4 
64.6 


Jalj 


67.8 
69.9 
71.6 
69.8 
70.2 
68.8 
74.7 
69.7 
67.2 
66.0 

U:l 

68.S 

69.2 
70.6 

68.2 
68.5 
67.3 
72.4 


ZX.2       26.5       43.8       55.3       64.7       69.3       67.x       58.8      46.5       30.x 


Aug. 


67.4 
67.9 

6^9 
69.1 

'4:1 

65.2 
63.6 

68.7 
66.1 
65.5 

Iti 
64.0 
63.9 
69.2 

66.x 


Sept 


61.5 
54.3 

ki 
S6.4 
58.2 
57.3 

55.2 
55.5 

6X.9 
63.3 

55.9 
64.2 

S8.4 
56.7 

lU 

60.0 


Oct 


4t.4 
42.4 
50.0 
42.9 
49-0 
S5.I 
49.2 
47.x 
46.1 
47.4 
43.5 
45.7 
45.4 
47.0 

50.8 
43.4 

475 
42.7 
52.6 


Nov. 


»Z-8 
x8.o 

26.6 

26.6 

39.6 

;i:l 

33-3 
27.3 
36.7 
33.x 
30.7 
31.7 
33.8 
33-8 
25.3 
20.2 
33^ 
36.9 
33.0 


Dec    Year 


X8.3 
20.3 

X2.3 

XX.9 

\u 
\u 

X6.7 

20.6 

159 
21.3 
17.5 
xo.o 

X4.7 
X9.4 

20.0 
26.1 


x6.7 


4X.6 
41.2 
42.a 

41 .« 
43.9 

42.6 
40.3 
40.x 
41.5 
42.0 
40.x 
43.4 

42.8 

4X.6 
39.9 
42.0 


4X.7 


The  coldest  month  is  January,  which  has  a  mean  temperature  of 
10.5*^,  although  the  average  for  February  is  only  0.7°  higher.  In  a  great 
many  instances  February  has  averaged  colder  than  the  preceding  January. 
This  condition  occurred  in  the  seven  successive  years  from  1898  to  1904 
inclusive.    Average  January  temperatures  are  plotted  on  Figure  5. 

July  is  the  warmest  month,  with  an  average  temperature  of  69.3**, 
although  in  a  few  years  the  mean  temperature  for  June  or  for  August  is 
higher  than  for  July  of  the  same  year.  Average  July  temperatures  are 
plotted  on  Figure  6. 

The  highest  summer  mean,  70.0®,  occurred  in  1900  and  1901  (Table 
II).    The  coldest  summer  was  that  of  1963,  with  an  average  of  64.4*^. 

The  warmest  crop-growing  season  (April  to  September  inclusive) 
of  the  eighteen  years  under  discussion  was  in  1900,  when  the  average 
was  62.9**,  and  the  coldest  was  in  1907,  with  an  average  of  55.6®. 

The  warmest  winter  (December  to  February  inclusive)  was  in  1907-8, 
when  the  mean  temperature  was  18.5*^.  The  coldest  was  in  1903-4,  with 
a  mean  temperature  of  5.5®.  Table  II  shows  also  the  warmest  and  coldest 
spring  and  autumn. 

In  Figures  7  and  8  are  shown  the  highest  and  lowest  temperatures 
ever  recorded  in  the  various  counties  where  records  have  been  kept. 
From  these  figures  it  can  readily  be  seen  that  the  extreme  range  of  tem- 
perature is  from  107®  at  Grand  Meadow  and  Milan,  to  — 59°  at  Leech 
Lake  Dam  and  Pokegama  Falls.  Temperatures  above  100®  have  been 
recorded  in  all  counties  except  those  about  the  headwaters  of  the  Missis- 
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FZGUKB  5:      MAP  SHOWING  MEAN  TEMPERATUSES  OF  MINNESOTA  FOR  JANUARY 
(degrees  FAHRENHEIT) 
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riGUBB  6.      MAP   SHOWING   MEAN   TEMFERATUKES   OF   MINNESOTA   FOR   JULY 
(degrees  FAHRENHEIT) 
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FIGURE    7.      MAP  SHOWING   HIGHEST    KNOWN   TEMPERATURES   IN    MINNESOTA 
(degrees  FAHRENHEIT) 


30 


Digitized  by  VjOOQIC 


FIGUBE   8.      MAP    SHOWING   LOWEST    KNOWN    TEMPERATURES    IN    MINNESOTA 
(degrees   FAHRENHEIT) 
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sippi  River,  and  in  the  country  immediately  bordering  on  Lake  Supe- 
rior. Temperatures  of  — 40**  have  occurred  in  nearly  all  northern  and 
central  counties  and  in  a  few  southern  counties,  but  these  great  extremes 
do  not  occur  frequently. 

Table  //.    Seasonal  Temperatures  far  Minnesota  (Degrees  Fahrenheit) 


Year 


\^ 

1899 
1900 
1901 
t9oa 
1903 
19<H 
S905 
1906 
1907 
1908 
1909 
1910 
X911 
191J 
1913 
19x4 


Mean 


Winter 
mean 


i6.a 
14.3 

'11 
13.8 
IS.9 
14.S 
ii.S 

5.5 
10.4 
17.1 
11.5 
18.5 
13.9 

9.8 
'xa.a 

r.8 
1 1.9 
15.3 


ia.8 


spring 
mean 


Summer 
mean 


4a.3 
39.9 
43.1 
37-9 
44-3 
44-1 
44-5 
4«.9 
40.0 
4^.8 
40.7 
36.3 

38.4 
47.1 
45.1 
40.A 
39.8 
41.8 


68.1 
66.1 

70.0 
70.0 
63.4 
64,4 

66.9 
til 

67.3 
65.0 
68.0 
67.7 


41.7 


67.0 


Fall 
mean 


38.3 
47.3 
43.4 
48,3 
46.2 
45.1 
45.a 
43.0 
47.a 
46.J 
46.6 

44.8 
40.1 
46,2 
46.1 
48.5 


45-3 


A^ril  to  Sept. 

inclusive 
([crop-grow- 
ing aeaaon) 


61.4 
60.7 

60!^ 
60.0 
63.9 
6a.o 
58.5 
57.9 
57.6 

00.9 
55.6 
60.x 

15:5 

6o.a 

g'.9 

60.3 


59.8 


Frosts, — ^Although  frosts  have  occurred  in  some  portions  of  the  state 
every  month  of  the  year,  damaging  temperatures  are  not  to  be  expected 
during  Jtme,  July,  and  August,  and  they  are  comparatively  rare  in  the 
last  half  of  May  and  the  first  half  of  September.  Records  of  ten  or 
more  years  are  available  from  a  large  number  of  places  in  the  state, 
of  which  charts  have  been  constructed  showing  the  average  date  of  the 
last  killing  frost  in  spring  and  the  first  one  in  autumn.  Using  these  dates 
as  boundaries,  we  can  mark  the  average  beginning  and  ending  of  crop 
growth  and  determine  the  average  length  of  the  growing  season.  All  of 
this  information  is  graphically  shown  in  Figures  9,  10,  and  11.  By  refer- 
ence to  Figure  11  the  influence  of  Lake  Superior  in  lengthening  the  crop- 
growing  season  in  its  vicinity  may  be  seen;  while  in  the  same  latitude 
in  the  highlands  of  Hubbard,  Becker,  eastern  Mahnomen,  and  Clearwater 
counties  the  season  is  twenty  to  thirty  days  shorter.  The  longest  season, 
160  days,  obtains  along  the  Mississippi  River  from  Hennepin  County 
to  the  southeastern  comer  of  the  state,  and  the  shortest,  100  days  or  less, 
is  in  the  region  of  the  Mesabi  and  Vermilion  Iron  ranges. 
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noun  9.      MAP   SHOWING  AVKBAGB   DATE  OF  THE   LAST   KUUNG   FROST   IN    SFBING   tM 

MINNESOTA 
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FIGURE  10.      MAP  SHOWING  AVERAGE  DATE  OF  FIRST  KILLING  FROST  IN  AUTUMN  IN 

MINNESOTA 
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nCOTE  II.      MAP  SHOWING  NUMBER  OF  DAYS  OF  THB  AVERAGE 

MINNESOTA 


CROP-GROWING  SEASON  TH 
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FIGURE  12.      MAP  SHOWING  THE  AVERAGE  ANNUAL  PRECIPITATION  FOR  MINNESOTA 


16 


Digitized  by  VjOOQ  IC 


CUMATIC  CONDITIONS  OF  MINNESOTA 


37 


Tabu  JIJ,    Average  Monthly  amd  Annual  PracipUaHon  for  Mkmaaota  (in  Inchaa) 


1899 
1900 
1901 

X9oa 
1903 
1904 

1900 

'^ 

«909 
X910 
19XX 

X9xa 
1913 
X914 


Mean 


J«n. 


0.76 
1.77 
0.16 
0.60 
0.48 
0.38 
0.44 
0.45 
0.39 
0.05 
1.15 
1.17 
0.31 

0.83 
0.8  X 
0.40 
0.33 
0.81 


Feb. 


©.39 

I.JX 

i.oa 
0.78 
0.56 
0.^0 
0.67 
0.59 
0.0A 
0.55 

O.J7 
0.58 
I. XX 

X.3X 

o.ai 
0.44 


0.70    0.66    i.aa 


Mar. 


X.97 
a.07 
i.ax 

X.58 
1.3c 
X.68 
0.9a 
1.7s 
1.51 
x.ax 
x.ao 
0.94 
«.47 
0.54 

0.63 
0^5 
x.a7 
x.xa 


Apr. 


x.68 
S.9X 

1:15 

X.49 
X.47 
X.73 

a.8a 

X.46 
1.7a 
i.ox 

?:ll 

a.41 


May 


3.30 
5.aa 
X.38 
3.a6 
4.46 
0.90 
1.4X 
S.xo 
5.37 
'•43 
5.54 
5.58 
a.X4 
6.3X 
3.36 
x.58 
3.4« 
4.13 

i:l| 


a.  00    3.56 


July 


6.6a 

3.33 

4.70 

I:ii 

4.xa 
a.93 
3.57 

3.84 

3.61 
4.30 
S.56 
a.48 


Aug. 


4.37 
4.07 
5.40 

m 
\% 

3.3a 

X.96 

6.4X 
4.55 

4.31 
6.35 
3.53 
1.39 

1.66 
8.34' 


4.X8    3.79    3.6^    3*3 


a.a8 
a.54 

3.aa 
5*35 

6.44 
a.ai 

4.35 
4.65 

t& 

4.XX 
a.07 
5-54 

a.35 
4.«7 
3.97 
a.79 
3.97 


Sept 


3-93 

;« 

i.Sa 
1.47 
6.55 
4.34 
a.a3 
5.63 
3.X4 
3.45 

in 

«.45 
3-35 
3.03 


Oct 


o.a5 
a.95 

3.83 
3.aa 

f:il 

1.93 
3.13 

3.50 

'^ 

X.3X 
X.9X 
X.56 
0.97 
3.93 
0.97 
a.s8 
a.oo 


a.3x 


Not. 


i,aa 

a.69 
0-53 
x.oa 
0.63 
0.6a 
0.78 
1.57 
0.35 

a.64 
x.8a 

«-S7 
X.18 
a.68 
o.sa 
x.xa 
0.36 
0.66 
0.38 


X.07 


Dec 


o.a8 
0.6  X 
0.38 
o.x8 
0.95 
0.51 
0.57 

0.84 
0.8a 
O.X5 
0.91 
0.57 
0.79 
«.54 
0.44 
X.35 

0.93 
0.05 


0.71 


Year 


3a.o4 
a7.a3 
a4.ax 
30.  X4 
a9.79 
a4.a6 
a9.46 
3«.85 
39.65 
33.10 
3X.66 
«4.03 
a9.49 
a9.a7 
X4-73 
a9.io 
aa.45 
'S.49 


a7.7a 


Total 
Aot^ 

ind. 

X8.80 
ax.6< 
19.38 
X6.5X 
ai.97 

X8.83 
a  1. 43 

\l^ 

'5.34 

MJ& 

aa.90 
ao.3a 
xx.aj 
ao.38 
I9.X3 
ao.x6 
«3.77 


ao.33 


Precipitation. — ^The  annual  average  precipitation  of  the  state  as  a 
iifhole  for  a  period  of  eighteen  years,  1896  to  1914  inclusive,  is  27.72 
inches,  and  for  the  crop  season,  April  to  September  inclusive,  for  twenty 
years,  1895  ^^  ^9^3*  ^^  20.33  inches.  The  monthly,  seasonal,  and 
annual  averages  for  this  period  are  shown  in  Table  III.  The  year  with 
the  greatest  annual  rainfall  was  1905,  when  the  total  was  33.10  inches. 
The  driest  year  was  1910  with  14.73  inches.  In  that  year  the  rainfall 
during  the  crop-growing  season  was  11.25  inches. 

Tabla  JV.    Averaga  Monthly  and  Annual  PrecipUaiion  by  Droinagt  DistrictM 


Watersheds 

JM. 

Feb. 

Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oct 

Nov. 
In. 

Dec. 

Year 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

In. 

Lake  Superior. . 
Rainy   River 

0.88 

0.88 

1.41 

a.05 

3.50 

4.«9 

4.ai 

3.73 

♦•'2 

a.8o 

1.45 

1.46 

lii 

30.40 

0.94 

0.94 
0.50 

x.4a 

X.06 

3.X0 

4.04 

3.76 

3.33 

a.98 

a.o8 

26.98 

Red    River 

0.5s 

0.98 

1.84 

a.85 

3.83 

3-34 

3.1a 

a.32 

I.S5 

0.7a 

0.56 

Z2,2a 

MississippiCabove 

St,  Croix).... 
St.  Croix  andMis. 

0.73 

0.70 

x.a3 

a.x6 

3.4a 

4.13 

3.6X 

3.57 

3.00 

a.a9 

X.05 

0.73 

a6.63 

Minnesota  River 

0.9* 

0.95 

1.49 

a.37 

4.0X 

^•^S 

3.7« 

3.69 

3.7a 

a.73 

1.36 

X.X3 

30.57 

0.79 

0.73 

X.X9 

a.30 

3.5s 

4.X8 

3.34 

3.44 

a.63 

a.xx 

x.oa 

0.79 

a6.04 

Big  Sioux  and  Des 
Moines  Rivers 

0.50 

0.54 

X.13 

a.09 
a.x8 

4.00 

4.39 

3.49 
3.55 

3.58 
3.50 

a.79 

a.07 

0.94 
X.09 

0.63 
0.84 

a6.x5 

State 

0.76 

0.75 

i.as 

3.53 

4.19 

3.0a 

a.a4 

a6.9o 

June  is  the  wettest  month  with  an  average  rainfall  of  4.18  inches, 
and  July  is  next  with  3.79  inches.  The  lowest  monthly  rainfall  is  that 
of  February  with  an  average  of  0.66  inch.  The  greatest  rainfall  in  one 
month  for  the  state  as  a  whole  was  8.34  inches  in  Jime,  1914.  The  low- 
est rainfall  for  any  month  was  .05  inch  in  December,  1913. 

The  geographic  distribution  of  annual  and  monthly  precipitation  is 
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FIGURE  13.      DIAGRAM  SHOWING  COMPARATIVE  MONTHLY  DISTRIBUTION  OF  PREaPITATION 
IN   MINNESOTA.      LETTFJtS  INDICATE   MONTHS,  BLACK  COLUMNS  INDICATE  * 

INCHES  OF  RAINFALL  IN  EACH    MONTH  AT  STATION   NAMED 


FIGURE     14.     DIAGRAM     SHOWING     MEAN     MONTHLY    RAINFALL     AND     MEAN     MONTHLY 

TEMPERATURE  AT  SEVERAL  STATIONS  IN   MINNESOTA.      MONTHS  ARE  INDICATED  bV 

THEIR  FIRST  LETTERS.      THE  GREATEST  RAINFALL  IS  IN  THE  GROWING  SEASON. 


ymean  monthly  rainfall,  1973*1913. 
monthly  rainfall  of  year  of  freateit  rainfall  recorded,  1849. 
monthly  rainfall  of  year  of  TeaaC  rainfall  recorded,  1910. 
ctiryesmean  monthly  temperature,  iS7Z-i9i3. 
Dotted  dtnresmean  monthly  temperature  for  year  of  loweat  annual  temperature  recorded,  itys. 
Dashed  curvessmean  monthly  temperature  for  year  of  highest  annual  temperature  recorded«  ii78, 
Horisontal  dashes  show  absolute  maximum  and  minimum  temperatures  recorded. 

nCUftE   IS.     DIAGRAM   SHOWING  KAINPALL  AND  TEMPERATURES    (DEGREES  FAHRENHEIT) 

AT  ST.  PAUL,  MINNESOTA  FROM   1837-I9I3.      MONTHS  ARE 

INDICATED  BY   THEIR    FIRST   LETTERS 


d9 
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40  SURFACE  FORMATIONS  OF  MINNESOTA 

graphically  shown  in  Figures  12  to  14,  and  for  the  stations  having  ten  or 
more  years  of  record  in  Table  V.  Table  IV  shows  the  monthly  and 
annual  distribution  in  the  various  watersheds.  From  these  illustrations 
it  may  be  seen  that  the  precipitation  is  about  one-fourth  to  one-third 
greater  along  the  eastern  boundary  of  the  state  than  along  the  western 
botmdary. 

Tabh  y.    Avtragg  Anrnuai  PrgcipUaiion  mi  Mmntsota  by  StaHont 


Sutioni 


Albert  Lea   

Alexandria    

Anjnu  

Aahby    

Beardsler    

Bird    Island 

Blooming  Prairie... 

Caledonia  

Collc«eville    

CrooiQBton    

Detroit    

Duluth    

Fairmont  (near)    .. 

Faribault   

Farmington    

Fergus  Falls  

Flandreau,  S.  D.... 

Fort  Ripley 

Glencoe    

Grand  Meadow  ... 
Grantsburg,  Wis.... 

Hallock    

Halstad  (Ada)  .... 
International  Falls. 
La  Crosse.  Wis. . . . 
Leech  Lake  Dam.. 

Long  Prairie   

Luveme    

Lrnd    

Mankato 

Mapleplain    

Milaca    

Milan    

Milbank,  S.  D 

Minneapolis    


Coonty 


Freeborn  . . 
Douglas  . . . 

Polk 

Grant 

Bigstone  ... 
Renville  ... 

Steele   

Houston  ... 
Steams    . . . 

Polk 

Becker  .... 
St.  Louis... 
Martin    .... 

Rice   

Dakota    

Otter  Tail.. 
Moody  .... 
Crow  Wing. 
McLeod  ... 
Mower  .... 
Burnett  ... 
Kittson  . . . 
Norman  . . . 
Koochiching. 
La  Crosse  . 

Cass    

Todd 

Rock 

Lvon 

Blue  Earth. 
Hennepin  . 
Mille  Lacs. 
Chippewa  .. 

Grant 

Hennepin  .. 


*ti 

a  0 

111 

Yrs. 

Inches 

ai 

a9.90 

«S 

a3.74 

xo 

19.00 

\i 

«4-47 

«3.79 

aa 

44*3 

13 

a7.45 

19 

33.70 

19 

aj.76 

aa 

aa.41 

x6 

«5.96 

4Z 

29.93 
a8.ao 

M$ 

14 

J8.00 

»4 

a9.a9 

»4 

23.24 

2a 

34.57 

43 

;i:a 

15 

»4 

33.59 

21 

33.06 

\l 

ai.37 

ai.ay 

10 

a5.75 

40 

31.17 

a4 

37.00 

ao 

25.17 

«5 

a7.6o 

19 

35.43 

14 

27.50 

17 

31. II 

21 

27.37 

34.49 
aa.69 

21 

39.31 

Sution 


Montevideo    

Moorhead    

Morris    

New   London    

New   Richland    .... 

New  Dim   

Northfield     

Osceola,    Wis 

Park  Rapids    

Pembina,   N.   D 

Pine   River    r>-un... 

Pipestone   

Pokegama    Falls 

Red  Wing   

Redwood  Falls 

Reeds   Landing    . . . 

St.  Charles 

St.  aoud  

St.  Paul 

St.    Peter 

Sandy  Lake  Dam... 

Shakopee    

Tonka   

Tower   (Ely)    

Two  Harbors 

University.  N.  D... 
Virginia  (Mt.  Iron) 

Wabasha    

Wahpeton,  N.  D... 

Willraar    

Willow  River   

Winnebago    

Winnibigoshish   . . . . 

Winona    

Worthington    


•s' 

Cotmty 

^1 

Is 

Yrs. 

(Hiippewa  .. 
Stevens   . . . 

22 

3' 

Kandiyohi.. 

Waseca  .... 

10 

Brown  .... 

32 

Rice  

xa 

Polk 

21 

Hubbard  . .. 

22 

Pembina    .. 

14 

Crow  Wing. 

35 

Pipestone  .. 

12 

Itasca 

?l 

Goodhue    .. 

Redwood  .. 

\i 

Wabasha   .. 

Winona  . . . 

21 

Sherburne  . 

19 

Ramsey    ... 

41 

Nicollet  ... 

18 

Aitkin 

19 

Scott 

15 

Hennepin. . , 

13 

St.  Louis... 

10 

Lake   

18 

Grand  Forks 

ao 

St.  Louis... 

18 

Wabasha  .. 

17 

Richland   .. 

ao 

Kandiyohi. . 

10 

Pine 

10 

Faribault  . . 

14 

Itasca   

n 

Winona  . . . 

Nobles  .... 

17 

k 


Inches 
23.50 
24.92 
23.23 
23.6a 
29.91 
27.74 
a9.92 
32.13 
25.71 
19.79 
27.52 
a4.i8 
a  7.6a 
31.71 
24.65 

30.68 
a7.68 
a8.68 
27.89 

a8.85 
30.54 
a8.i7 
30.56 
20.47 
30.74 
30.54 
23.67 
25.54 
a9.9$ 

25.66 
ao.63 
a8.a4 


Figure  14  makes  an  interesting  comparison  of  monthly  and  annual 
values  of  both  temperature  and  rainfall  at  certain  selected  representative 
Stations. 

Snowfall. — ^The  snowfall  averages  from  24  to  54  inches.  It  is  lightest 
in  the  southwest  portion  of  the  state  and  heaviest  on  the  Mesabi  Iron 
Range.  The  monthly  and  annual  averages  are  shown  in  Table  VI;  ar- 
ranged according  to  sections  and  drainage  districts. 

Winds. — ^The  prevailing  winds  are  from  the  northwest  over  most  of 
the  state.  The  monthly  and  annual  prevailing  directions  are  shown  for 
a  large  group  of  stations  in  Table  VII.  The  average  hourly  wind  ve- 
locity is  shown  for  six  regular  Weather  Bureau  stations  and  three  special 
stations  in  Table  VIII. 

Relative  humidity. — ^The  average  annual  humidity  for  the  state  is 
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CUMATIC  CONDITIONS  OF  MINNESOTA 


TabU  VL    Average  SnowfaU 


Stations 


I^ke     of     the     Woods 

Group — 
Rea  River  Valley  Group— 

Tower    

St.  Vincent-Pembina  . 

Crookston    

Moorhead    

Upper  Mississippi  River 
Valley  Group — 

Park  Rapids 

Lake  Winnibigpsish  . . 

Sandr  Lake  Dam.... 
Lake  Superior  Group — 

lit.  irwi rv. 

Dtiliith    

Lower  Miseiteippi  River 

Valley  Group— 

La  Crosse,  Wis 

Grand  Ifesdow   

St.  Charles  

Red  Wine  

St.  Pan! 

Lower  Mimnaeota  River 

Valley  Group— 

Shakopee    

St.  Peter  

Winnebago  

MiddleMississippi  River 

and  St.  Croitt  Valleys 

Group— 

Minneapolis  

Coneferille    

Pine  River  Dam 

Osceola,  Wis    

Grantsbitrs,  wis.   .... 
Upper  Mimnesota  River 

y alley  Group— 

New  Uim  

Bird  Island 

Mikn    

MmnmmIc  River  Water' 

shad  Group— 

New  Loindon 

Long  Prairie 

Morris    

Fergus  Falls 

SoutMvestem 
Fairmont  .. 
Worthington 

Lynd    

Gary,  S.  D. 


Croup— 


-oi 


Yrs. 


14 
14 

as 


15 


18 

\> 

II 

II 


«4 
14 

14 


«4 

•»4 
14 

13 

13 
X3 
14 


In. 

I' 


n 

9.0 

9.9 
10.3 

7.7 


7.7 

n 


6.7 
9.1 
9.1 

9.S 

8.9 
4.7 
7.5 

4.6 
5.7 

11 

S.o 

t\ 

4-4 


In. 


8.6 

6.7 


6.5 
9-5 

7.8 
9.1 


I:! 


8.1 

6.1 
7.5 


8.6 

I' 

8.4 
9.0 


4.« 

5.5 

5.4 
5.7 

10.0 

7.a 


In. 


10.9 

8.9 


9.1 
10.6 

II.S 

I  I.I 


6.6 
9-9 
9.5 


7.« 


SI 

9.5 
11.7 
i3.a 


6.0 


7.0 

'1 

7.6 

88 

7:6 

7.4 

ia.4 


In. 


5.S 
3.S 

4.9 


5.4 

3.9 
4.0 

1.4 
3.1 

\\t 
3.6 


■.9 

0.7 
i.o 


1.8 
a.8 
a.8 
4.« 


X.7 

1:1 


x-7 
a.4 
a.1 
S.8 

1.9 
1.3 
3.8 

4.5 


In. 


0.6 
0.7 
3.0 
0.3 


0.7 

I.I 
1.0 


T. 
0.4 
0.3 


T. 
0.1 


0.3 
0.4 
o.< 


0.1 
0.4 
0.5 


0.1 
T. 
0.5 
0.3 


In. 


In. 


In. 


In. 


In. 


0.4 

0.7 
0.4 
1.0 


X.4 

1.0 
I.I 

0.8 
0.3 


0.1 
0.3 
0.1 
0.3 
0.3 


0.3 

li 

0.1 
0.1 


0.3 


T. 

T.  ;  0.5 
T.      0.6 


In. 


3-9 
5.3 
4.3 
1.5 
4.7 


4-5 
3.5 

S.9 

it 


0.3 

0.3 
0,6 
1.0 

•.7 
3.3 
3.S 

57 

0.3 
0.3 
1.3 

3.9 

;:i 

1.3 

4.3 

In. 


8ji 

6.4 

7.4 

11.6 
8.7 


8.9 
9.3 
9.3 
7.1 
5.7 

4.6 


6.4 

l:S 

6.8 
8.9 


i:t 


3^ 
4.4 

5.3 

4.x 


In. 


S0.5 

39.; 
35.8 
43.7 


46.3 
45.7 
49-4 

ita 


37.1 
46.1 

S8.9 

37.x 


33.5 


3X.8 
44.0 
44.4 
53.a 


36.0 
35.8 
39.7 


S4.0 
39.3 
39.3 

35.a 

3}.3 

30.7 

3X.4 
37.6 


83  per  cent  at  7  a.m.  and  72  per  cent  at  7  p.m.  Table  IX  gives  the  monthly 
and  annual  data. 

Number  of  rainy  days. — In  Table  X  the  number  of  rainy  days  dur- 
ing each  month  and  the  year  is  given  for  thirty-three  stations  well  dis- 
tributed over  the  state.  The  smallest  number  is  64  at  Lynd,  Lyon  County, 
and  the  largest  132  days  at  Duluth. 

Sunshine. — ^The  stmshine  is  abundant,  averaging  from  43  to  53  per 
cent  of  the  highest  amount  possible.  The  daylight  hours  are  materially 
longer  during  the  crop-growing  season  in  the  northern  portion  of  the 
state  than  in  the  southern.  The  greatest  percentage  of  sunshine  is  in 
the  southwestern  portion  and  the  least  in  the  northeastern  part. 
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SURFACE  FORMATIONS  OF  MINNESOTA 


Table  VII.    Prevaiimg  Wind  Direction 


Stations 


luike  of  the  Woods 
Group — 

Tower    

Re  I  River  Valley  Group-- 

St.  Vincent-Pembina  . . 

Crookston    

Moorbead   

Upter  Mississi*>p%  River 
Valley  Group— 

Park  Rapids   

Lake  Wmnibigosbisb . . 

Sandy  Lake  Dam 

Lake  Superior  Group — 

Mt.   Iton    

Duluth    

Lower  Missitsippi  River 
Valley  Group— 

La  Crosse,  Wis 


Grand  Meadow 

St.  Cbarles 

Red  Winf 

St.   Paul    

Lower  Minnesota  River 
Valley  Group — 

Sbakopee  

St.  Peter 

Winnebaf^o    

Middle  Mississippi  River 
and  St.  Croix  Valleys 
Group — 

Minneapolis    

CoUegeville    

Pine  River  Dam | 

OsceoU.   Wis I 

Grantsburg,  Wis.   

Upper  Minnesota  River  \ 
Valley  Group—  I 

New  mm   ] 

Bird  Island  i 

Milan    

Minnesota  River  Water- 
shed Group — 

New  London    

Long  Prairie   

Morris    

Fereus   Falls    

Southwestern  Group — 

Fairmont    

Wortbinglon    

Lynd     

Gary,   S.    D 
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8. 

15 

nw. 
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n. 

s. 
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nw. 
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s. 
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se. 
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se. 
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se. 

8. 

s. 
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se. 
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nw. 

nw. 

s. 

nw. 

nw. 

nw. 
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nw. 
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nw. 
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8. 
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8. 
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8. 
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< 
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1 
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W. 
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se. 
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w. 

w. 
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8. 
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s 

u 

g 

P 

> 

0 

% 

( 

8. 

ne. 


8. 
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8. 
8. 
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s. 
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nw. 
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8.  nw. 
nw.  I  nw. 
nw.  I  nw. 

n.  n. 
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8. 
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table  VIII.    Average  Hourly  Wind  Velocity  in  Miles 
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Table  IX.    Mean  Relative  Humidity  in  Degrees 


43 


Stations 

£ 

CO 

c 

< 

1 

4J 

< 

u 

0. 

1 

1 

6 

1 

1 
1 

1 

Duluth 

( 8  a.m. 

21 

83 

83 

81 

76 

76 

79 

79 

81 

8a 

81 

H 

s 

81 

8  p.m. 

21 

77 

11 

71 

6s 

64 

6Q 

61; 

69 

71 

72 

76 

71 

Moorhead    

1  8  a.m. 

21 

8q 

88 

84 

79 

84 

86 

87 

87 

84 

89 

89 

86 

8  p.m. 

21 

86 

86 

82 

6«; 

-?6 

62 

IS 

61 

6.1 

69 

81 

85 

7a 

St.   Vincent 

islm. 

8o 

80 

88 

88 

79 

It 

90 

87 

89 

89 

S7 

86 

1  8  p.m. 

8i 

86 

88 

77 

«;8 

71 

70 

71 

78 

89 

89 

77 

La  Crosse,  Wis. 

..8  a.m. 

21 

8^ 

82 

79 

74 

75 

79 

81 

B5 

«5 

81 

81 

83 

81 

St.    Paul 

'  8  a.m. 
8  p.m. 

21 

U 

84 

8t 

71 

73 

79 

79 

8.1 

83 

81 

81 

83 

81 

21 

7S 

68 

SS 

54 

58 

55 

56 

60 

63 

69 

2** 

64 

Minneapolis 

.  .8  p.m. 

83 

79 

76 

66 

66 

67 

6S 

68 

73 

73 

79 

83 

74 

Table  X. 

Numler  of  Days  with  o.ci 

/ficA 

or  More  of  Precipitation 

H 

>, 

>. 

1 

Wi 

1 

.s 

Stations 

2^ 

!3 

% 

1 

JB 

1 

< 

ft 

9 

1 

< 

f 

1 

1 

3 

B 
B 
< 

Lake     of     the     Woods 

Groups 
Tower 

9 

5 

4 

6 

5 

8 

9 

10 

8 

10 

7 

5 

5 

82 

Red  River  Valley  Group — 

St.    Vinccnt-Pembina. . . 

35 

7 

6 

7 

7 

8 

II 

.  10 

9 

8 

7 

7 

7 

94 

Crookston   

It 

t 
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1 

6 

8 

10 

8 

8 

6 

1 

3 

1 

71 

Moorhead    

9 

9 

II 

12 

10 

9 

8 

7 

107 

Upper  Mississippi  River 

P.S'teTr. 

14 

8 

7 

10 

9 

11 

13 

II 

10 

9 

9 

7 

8 

IIJ 

I^e  Winnibiffoshish... 
Lake  Superior  Group — 

IS 

6 

i 

I 

6 

TO 

10 

9 

8 

7 

1 

1 

6 

83 

14 

6 

6 

ID 

10 

10 

10 

9 

6 

95 

Mt.    Iron 

It 

5 

4 

5 

5 

9 

II 

10 

9 

9 

7 

5 

6 

8s 

Duluth    

10 

9 

10 

9 

12 

14 

12 

12 

12 

10 

II 

II 

13a 

Loner  Mississippi  River 

Valley  Groups 
La  Crosse,  Wis 

36 

10 

8 

10 

10 

12 

12 

10 

1 

10 

9 

8 

10 

120 

Grand  Meadow 

IS 

6 

5 

7 

7 

12 

9 

9 

8 

7 

6 

6 

'S 

St.    Charles 

12 

5 

4 

6 

6 

9 

XI 

7 

6 

8 

7 

5 

4 

l\ 

Red  Win* 

10 
38 

5 
9 

I 

6 
10 

7 

10 

II 
12 

10 
12 

7 
10 

7 
10 

8 
9 

6 
9 

1 

5 

9 

St.  Paul 

114 

Lower  Minnesota  River 

Valley  Group— 

ShakoDee  

14 
12 
10 

I 

4 

5 

3 

4 

7 

8 
6 
6 

II 
10 
12 

10 
9 
II 

9 
7 
9 

9 
7 
9 

% 

7 

8 
5 

7 

6 
3 
3 

5 

2 

4 

92 

St.   Peter • 

66 

Winnebago   

82 

Middle  MusissiPp*  River 

and  St,  Croxx  Valleys 
Group — 
Mtnnranolis    « *  ^  t 

18 

14 

8 
6 

7 
5 

1 

9 
7 

12 

10 

12 

12 

9 
10 

9 
10 

8 
9 

1 

I 

8 

5 

107 

Collegeville    

'S 

Pine  River  Dam 

15 

4 

4 

6 

6 

1 

10 

8 

8 

7 

6 

4 

4 

76 

Osceola.  Wis 

II 

7 

5 

6 

6 

9 

8 

J 

6 

7 

5 

5 

2§ 

Grantsburg,  Wis. 

II 

5 

4 

5 

6 

8 

7 

7 

6 

5 

4 

5 

6 

Upper  Minnesota  River 

. 

Valley  Groups 
New  Uhn 

14 
14 

5 

t 

5 
3 

I 

7 
7 

II 
10 

II 
10 

8 
8 

8 
/   8 

8 
8 

2 

5 
5 

4 
3 

86 

Bird  Island 

22 

Milan  

14 

5 

7 

7 

9 

II 

8 

8 

7 

6 

5 

S 

Minnesota  River  Water- 

shed Group — 

New   London 

14 

3 

3 

I 

J 

9 

9 

i 

6 

6 

5 

4 

3 

S^ 

Lonff  Prairie 

13 

4 

4 

10 

II 

8 

8 

7 

5 

3 

82 

Morris   

4 
II 

t 

6 
11 

7 
9 

II 
12 

12 
15 

9 
II 

9 

II 

7 
10 

6 
8 

4 
7 

4 
10 

83 

Fergus  Falls 

Southwestern  Group — 

133 

Fiurmont  .-•--- 

IS 

13 

4 
4 

4 
4 

5 
4 

6 
6 

10 
II 

8 
10 

7 

14 

I 

1 

5 

S 

3 

4 

3 

4 

69 

Worthinffton    

80 

Lrnd    

14 
II 

3 
3 

3 

2 

5 

3 

5 
S 

8 
6 

9 

5 

I 

8 

5 

6 

4 

4 
4 

3 

3 

3 
I 

64 

G??.  s:  b 
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The  precipitation  in  the  area  embraced  in  the  present  report,  as  shown 
in  Figure  12,  increases  from  northwest  to  sbutheast,  being  about  25 
inches  in  the  northwest  part  and  over  32  inches  in  the  southeast.  Although 
there  is  In  increase  on  approaching  I^ke  Superior  the  influence  of  the 
lake  in  increasing  precipitation  near  its  shore  seems  to  be  very  slight, 
for  in  parts  of  Minnesota  farther  south  where. there  is  no  lake  influence 
a  similar  increase  in  the  amount  of  precipitation  is  found  in  passing  from 
northwest  to  southeast. 
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CHAPTER  III 

AGRICULTURAL  CONDITIONS  AND  LAND  CLASSIFICATION 
IN  THE  NORTHEAST  QUARTER  OF  MINNESOTA 

GENERAL  STATEMENT 

The  northeast  quarter  of  Minnesota  lies  within  the  area  of  mixed 
coniferous  and  deciduous  forests  (Figure  3),  and  was  heavily  wooded, 
except  in  some  of  the  muskeg  swamps,  and  in  narrow  marshy  strips  bor- 
dering lakes  and  streams^  The  sandy  and  loose-textured  soils  are  occu- 
pied lai^ely  by  pine  forests,  while  the  clayey  or  heavier  classes  of  soil 
carry  usually  a  mixed  growth,  embracing  deciduous  as  well  as  coniferous 
trees. 

Agricultural  development  is  as  yet  very  limited  in  all  parts  of  this 
area.  In  most  localities  farming  has  begim  within  the  past  ten  or  fifteen 
years.  The  clearing  of  sttmips,  draining  of  swamps,  and  opening  of 
roads,  each  require  much  labor  and  thus  retard  a  rapid  agricultural  de- 
velopment. The  region  is,  however,  sufficiently  well  watered,  and  large 
areas  of  it  have  a  soil  productive  enough  to  give  adequate  returns  for 
the  expenditure  of  labor  required  to  bring  the  land  under  cultivation. 
This  region  is  not  affected  by  drouths  in  late  summer  such  as  often  cut 
short  the  pasturage  in  districts  farther  south  and  west.  Very  little  feed- 
ing is,  therefore,  required  until  the  pastures  become  snow-covered. 

Railway  facilities  are  good  in  Carlton  and  much  of  Aitkin  Coimty 
and  over  the  territory  lying  between  the  Mesabi  Iron  Range  and  Lake 
Superior.  Koochiching  County  also  has  fair  railway  advantages.  There 
is  urgent  need  for  a  railway  leading  northeastward  from  Duluth  through 
Lake  and  Cook  counties.  At  present  the  Minnesota  and  Northeastern, 
used  largely  for  lumbering  operations,  furnishes  an  outlet  for  southern 
Lake  County.  Boat  service  is  maintained  along  the  shore  of  Lake  Supe- 
rior from  May  i  to  November  30,  thus  furnishing  an  outlet  for  the  pro- 
duce of  Cook  as  well  as  Lake  County. 

The  larger  part  of  the  population  of  this  northeast  quarter  of  Minne- 
sota is  along  the  shore  of  Lake  Superior  and  the  mining  towns  on  the 
iron  ranges  and  in  villages  scattered  along  the  railways.  Not  more  than 
twenty  per  cent  of  the  population  are  engaged  in  agricultural  pursuits. 
Of  this  population  a  considerable  part  combine  other  pursuits  with  farm- 
ing and  are  employed  part  of  their  time  in  the  cities  or  in  logging  camps. 
Year  by  year,  however,  a  larger  percentage  of  the  farmers  are  giving 
their  entire  time  to  farm  development. 
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The  three  counties  north  of  Lake  Superior  each  have  large  areas  with 
rock  hills  which  carry  only  a  scanty  cover  of  drift.  The  scanty  soil 
combined  with  the  steepness  of  slope  renders  them  of  little  or  no  agri- 
cultural value.  These  rocky  lands  are  largely  embraced  in  the  National 
Forest  and  yield  better  returns  from  their  forests  than  could  be  obtained 
by  farming  them.  These  three  counties  have,  however,  certain  advan- 
tages, because  of  their  frontage  on  Lake  Superior.  A  narrow  strip  along 
the  lake  shore  should  become  a  profitable  one  for  the  growing  of  vege- 
tables and  even  of  hardy  fruits,  which  can  be  readily  marketed  by  boats 
running  to  Duluth.  The  loose-textured  soil  of  this  belt  also  adapts  it  for 
the  growth  of  garden  truck. 

Swamps  are  numerous  in  every  county  in  the  northeast  quarter  of  the 
state,  and  there  are  extensive  muskegs  in  western  St.  Louis,  Koochiching, 
and  Aitkin  counties.  The  drainage  surveys  have  shown,  however,  that 
in  the  largest  swamps  as  well  as  in  the  smaller  ones  the  surface  slope 
is  generally  sufficient  to  insure  effective  drainage.  The  soil  of  the 
swamps  also  is  generally  of  such  a  nature  as  to  be  very  productive 
when  drained.  The  water  courses  which  have  developed  in  and  near 
these  swamps  by  natural  drainage  have  in  most  cases  channels  of  suffi- 
cient capacity  to  carry  oflf  all  water  which  would  be  discharged  into  them 
from  the  ditches  necessary  to  drain  the  swamp  areas.  A  considerable 
improvement  in  the  drainage  and  reduction  of  the  area  of  swamp  lands 
may  easily  be  effected  by  removing  obstructions  from  the  natural  water 
courses,  such  as  old  beaver  dams  and  the  fallen  timber  and  other  ob- 
structipg  material.  Such  obstructions  are  found  in  nearly  all  of  the 
small  stream  channels  throughout  the  area.  Large  areas  of  these  swamp 
lands  are  held  by  the  State,  and  many  projects  for  their  reclamation  have 
been  worked  out  by  the  State  Drainage  Engineer  and  embodied  in  his 
report  for  1906. 

There  are  wide  differences  in  the  character  of  the  glacial  deposits  in 
northeastern  Minnesota.  The  cause  of  some  of  these  differences  was 
the  peculiar  relations  of  the  deposits  to  the  melting  ice,  and  some  were 
caused  by  differences  in  the  rock  material  contained  in  the  drift.  Drift 
laid  down  under  the  ice  naturally  contains  a  considerable  amount  of  fine 
clayey  or  loamy  material  along  with  the  coarser  rock  constituents.  But 
drift  laid  down  at  the  edge  of  the  ice  has  in  places  had  the  fine  material 
largely  removed  by  the  waters  discharging  from  the  ice  border,  and  the 
coarse  material  is  thus  concentrated  into  beds  of  gravel  and  cobble.  There 
are  places,  however,  where  lakes  were  held  between  the  ice  and  the  higher 
country  outside,  or  in  regions  where  the  escape  of  the  water  was  inade- 
quate. In  such  places  a  fine  sediment  was  laid  down  outside  the  ice  on 
the  beds  of  the  lakes  or  ponded  waters. 
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A.     GARDEN    PLOT  OF   ANTHONY   GASCO  ON    LAKE    HARRIET,  LAKE  COUNTY 
PHOTO  BY  A.   H.  ELFTMAN 


B,      FARM   ON   SHORE  OF  LAKE  SUPERIOR  AT   HiTZHX,  COOK   COUNTY 
TERRACING    MARKS    HIGHER   LAKE   LEVELS 
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The  temporary  Lake  Aitkin,  which  occupied  the  district  traversed  by 
the  Mississippi  in  its  course  through  Aitkin  County,  deposited  a  fine  and 
highly  productive  sediment  over  much  of  its  bed.  The  flat  land  in  the 
St.  Louis  basin,  covered  by  Lake  Upham,  now  carries  deposits  of  fine 
sand  and  silt  over  a  wide  area  in  western  St.  Louis  and  northeastern 
Aitkin  County.    It  embraces  the  extensive  muskeg  swamps  of  that  region. 

On  the  bed  of  Lake  Duluth,  at  its  southwest  end,  in  Carlton  County 
and  neighboring  parts  of  Wisconsin,  there  is  considerable  clay,  but  in  a 
narrow  strip  exposed  on  the  north  side  of  Lake  Superior  there  has  been 
in  places  a  removal  of  the  fine  material  and  a  concentration  of  coarse 
material  in  the  bars  and  beaches  of  the  lake. 

Lake  Agassiz  extended  from  the  Red  River  basin  and  plains  of  Mani- 
toba as  far  east  as  the  northwest  part  of  the  area  herein  described  ( Plate 
I).  All  of  Koochiching  County  except  a  strip  two  to  eight  miles  wide 
on  its  southern  border  was  covered  by  this  lake.  It  also  covered  about 
twenty  townships  in  the  northwest  part  of  St.  Louis  County.  The  part 
in  Koochiching  County  has  a  nearly  plane  surface  and  a  considerable 
deposit  of  fine  lake  sediment  except  on  the  immediate  borders  of  Rainy 
Lake  and  small  areas  in  the  southeast  part  of  the  county  where  rock 
knobs  are  exposed.  The  lake  deposits  with  heavy  soil  extend  up  Little 
Fork  valley  into  St.  Louis  County  and  are  f oimd  in  narrow  lowland  strips 
among  the  rock  hills  in  northwestern  St.  Louis  County.  The  greater  part 
of  this  lake  area  inside  the  limits  of  St.  Louis  County,  however,  has  a 
rocky  surface  much  of  which  was  swept  bare  by  the  action  of  the  lake 
waves,  and  thus  rendered  of  little  value  for  agriculture. 

The  kind  of  rock  material  contained  in  the  drift  depends  to  some 
extent  upon  the  direction  from  which  the  ice  invaded  this  region.  As 
already  indicated  the  studies  of  the  deposits  have  brought  out  the  inter- 
esting fact  that  the  ice  invasions  came  from  three  directions,  the  north- 
west, the  north,  and  the  east.  The  invasion  from  the  northwest  was 
by  ice  which  covered  much  of  Manitoba  and  spread  over  a  great  part 
of  northern  Minnesota.  It  brought  in  deposits  of  drift  containing  large 
amounts  of  limestone  which  the  ice  had  gathered  in  its  passage  across 
limestone  formations  in  Manitoba.  This  is  known  as  the  Keewatin 
drift,  since  the  ice  started  from  the  r^ion  formerly  called  the  Keewatin 
district  of  central  Canada  (but  now  largely  included  in  Manitoba).  It 
is  also  known  as  the  gray  drift,  this  term  having  been  applied  by  Winchell 
and  his  associates  in  their  reports  in  the  Minnesota  Geological  Survey. 
The  color  is  gray,  however,  only  in  the  unoxidized  portions,  and  the  sur- 
face of  the  drift,  that  has  been  oxidized,  has  a  brown  color.  There  are 
also  places  in  the  vicinity  of  the  Mesabi  Iron  Range,  where  on  accotmt 
of  the  introduction  of  reddish  material  from  the  iron  formations,  it  all 
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presents  a  red  color.  The  color  name,  therefore,  becomes  rather  con- 
fusing when  one  attempts  to  apply  it  widely.  For  this  reason  the  term 
Keewatin  drift  is  used  in  the  present  report. 

The  border  of  the  Keewatin  drift  is  indicated  on  Plate  I  and  also 
on  Figure  2.  On  the  northeast  it  lies  only  a  few  miles  south  of  the 
Canadian  line  from  the  mouth  of  Rainy  Lake  eastward  to  Nameokan 
Lake  in  St.  Louis  County.  It  then  leads  southward  to  the  west  end  of 
Vermilion  Lake.  Then  after  a  slight  eastward  turn  in  the  Little  Fork 
drainage  basin  it  swings  southward  and  comes  to  the  Mesabi  Iron  Range 
near  Chisholm.  But  the  high  part  of  the  range  from  there  westward 
about  to  the  Itasca  County  line  seems  to  have  stood  above  its  limits.  On 
passing  over  the  range  into  the  basin  south  of  it  the  Keewatin  ice  spread 
out  widely  over  the  St.  Louis  drainage  basin  and  also  down  the  Missis- 
sippi to  the  edge  of  Crow  Wing  County.  The  southwest  limits  run 
through  northwestern  Aitkin  County  and  thence  westward  across  Cass 
County  to  the  south  of  Leech  Lake,  passing  beyond  the  limits  of  the  area 
under  discussion.  In  the  district  covered  by  the  Keewatin  drift  the 
glacial  deposits  are  exceptionally  rich  and  of  a  less  stony  character  than 
in  districts  to  the  east  and  south  which  were  covered  by  drifts  derived 
from  other  sources. 

Ice  invaded  the  northeast  part  of  Minnesota  also  partly  by  a  westward 
movement  of  the  Labrador  ice  sheet  through  the  Superior  basin  and 
partly  by  a  southward  movement  from  the  district  of  Patricia  in  the 
neighboring  part  of  Canada.  A  part  of  the  drift  deposited  by  these  in- 
vasions is  called  the  Superior  drift  and  the  other  part  the  Patrician  drift. 
Both  of  these  drifts  have  a  reddish  color  owing  to  the  large  amotmt  of 
red  rock  material  incorporated  in  them,  and  they  embrace  what  is  termed 
the  red  drift  of  Minnesota  in  the  reports  of  the  Winchell  Survey, 

The  relations  of  the  Patrician  ice  movement  to  the  Superior  and  Kee- 
watin ice  movements  are  somewhat  complex.  The  Patrician  movement 
extended  over  eastern  Minnesota  southward  a  little  beyond  St.  Paul 
into  Scott  and  Dakota  counties,  and  covered  at  least  one  third  of  the 
state.  It  is  found  to  have  done  so  before  the  movements  from  the  Kee- 
watin and  Superior  ice  fields  had  reached  into  northeastern  Minnesota, 
for  territory  which  it  occupied  was  later  invaded  to  some  extent  by  each 
of  these  ice  fields,  and  the  deposits  of  the  Patrician  ice  are  overlain  by 
the  Keewatin  and  Superior  drifts  in  such  regions  of  overlap.  The  bor- 
ders of  the  drift  of  the  Superior  and  of  the  Keewatin  ice  approach  each 
other  closely  for  a  few  miles  in  southwestern  St.  Louis  and  northwestern 
Carlton  and  the  eastern  edge  of  Aitkin  Cotmty,  and  the  Patrician  drift 
is  there  found  beneath  one  or  the  other  of  them.  (See  Plate  II A  and 
II  B).    Farther  south  in  Aitkin  and  neighboring  coimties,  as  shown  in 


Digitized  by  VjOOQIC 


A.      SHORES  AND   ISLANDS   OF  VERMILION   LAKE 


B.      CROSS  RIVER   MEANDERING   THROUGH   A   SPRUCE   SWAMP  IN   ITS    HEADWATERS       ^5*      '      \ 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


COOK  COUNTY  49 

Figure  2,  the  Patrician  drift  is  at  the  surface.  It  is  also  at  the  surface 
at  the  northeast  in  St.  Louis,  Lake,  and  Cook  counties  between  the  drift 
of  the  Keewatin  ice  field  and  that  of  the  Superior  lobe  of  the  Labrador 
ice  field.  The  precise  relations  of  the  Superior  lobe  and  Patrician  ice 
in  the  district  north  of  Lake  Superior  will  be  taken  up  in  the  discussion  of 
Lake  County.  Attention  is  accordingly  directed  here  only  to  the  diflFer- 
ences  in  the  character  of  their  drifts. 

In  the  drift  brought  in  by  the  Superior  lobe  there  is  on  the  whole  a 
large  proportion  of  loamy  material  in  which  the  coarse  crystalline  rocks 
are  imbedded.  The  soil  is  what  might  appropriately  be  termed  stony 
loam.  It  becomes  more  gravelly  on  its  northwest  edge  in  the  headwaters 
of  Qoquet  River  because  of  the  discharge  of  water  there  along  the  ice 
border.  The  drift  deposited  by  the  Patrician  ice  is  generally  very  stony 
because  of  the  derivation  of  its  material  from  the  crystalline  rock  forma- 
tions over  which  the  ice  passed,  and  which  do  not  readily  break  down 
into  clayey  material.  The  contrast  between  it  and  the  drift  of  the  Supe- 
rior lobe  is,  however,  less  striking  than  between  it  and  the  drift  of  the 
Keewatin  ice  sheet,  and  there  are  places  where  the  drift  of  the  Superior 
lobe  is  fully  as  stony  as  that  from  the  Patrician  ice.  The  larger  amount 
of  loam  in  the  Superior  drift  is  due  in  part  to  the  ponded  conditions  of 
water  along  the  northwest  edge  of  the  Superior  ice  lobe,  there  having 
been  ready  escape  for  water  along  only  a  part  of  the  border  in  the  head- 
waters of  Qoquet  River.  It  is  thought,  however,  that  the  formations 
over  which  the  Superior  lobe  passed,  such  as  the  diabase  of  Beaver  Bay 
and  certain  gabbro  rocks  contributed  more  material  that  is  easily  reduced 
to  clay  than  did  those  formations  found  in  the  area  over  which  the  Patri- 
cian ice  sheet  passe^J.  It  was  in  connection  with  the  retreat  of  the  Supe- 
rior ice  and  the  Keewatin  ice  that  the  glacial  lakes,  Duluth  and  Agassiz, 
noted  above  were  formed. 

DESCRIPTIONS  OF  COUNTIES 

In  the  descriptions  of  cotmties  which  follow  the  county  taken  first 
is  in  the  northeast  comer  of  -Minnesota,  and  after  that  counties  to  the 
west  and  south  to  the  southern  border  of  the  area  are  discussed.  A  few 
data  from  the  census  of  1910  are  presented  in  addition  to  the  results  of 
the  land  classification  on  a  geologic  basis. 

COOK  COUNTY 

The  recent  studies  in  Cook  Coimty  were  mainly  in  the  part  near  the 
shore  of  Lake  Superior  where  farming  has  been  begun  and  roads  opened. 
Data  concerning  the  less  accessible  areas  have  been  obtained  from  the 
gjeological  reports  of  the  earlier  Geological  Survey  and  from  Dr.  Arthur 
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H.  Elftman,  a  member  of  that  survey,  who  also  in  1913  assisted  in  part 
of  the  work  in  Lake  and  Cook  counties. 

Bare  rock  or  rock  with  a  very  scanty  drift  covering  occupies  about 
one  third  of  the  area  of  the  county,  mainly  in  the  north  part,  and  mainly 
within  the  limits  of  the  National  Forest.  But  there  is  also  a  strip  of 
rugged  land  known  as  the  "Sawtooth  Mountains"  which  lies  near  the 
Superior  shore  westward  from  Grand  Marais.  Several  townships  in  the 
eastern  end  of  the  county  are  also  rugged  and  thinly  covered  with  drift. 

The  lakes  of  Cook  County,  including  those  along  the  Canadian  bor- 
der, are  estimated  by  Mr.  George  A.  Ralph,^  to  cover  274  square  miles, 
while  the  swamps  embrace  135  square  miles.  Their  combined  area,  409 
square  miles,  is  over  one  fourth  of  the  county.  This,  together  with  the 
rough  and  rocky  areas,  amoimts  to  nearly  60  per  cent  of  the  county.  Of 
the  remaining  40  per  cent  a  considerable  part  can  not  be  brought  under 
cultivation  except  at  great  expense  in  clearing  of  stones  and  stumps.  It 
may,  therefore,  prove  to  be  more  profitable  in  forest  than  under  culti- 
vation. 

The  tracts  of  heavy  drift  embrace  some  moraines,  the  position  and 
extent  of  which  may  be  seen  by  reference  to  Plate  I.  Parts  of  these 
moraines  have  a  very  rough  surface  with  sharp  knolls  inclosing  small 
swamps.  More  commonly  the  glacial  deposits  are  gently  imdulating  with 
slopes  easy  to  cultivate.  The  part  along  the  shore  which  was  covered 
by  the  waters  of  Lake  Duluth  and  lower  lake  stages  down  to  the  present 
Lake  Superior,  includes  numerous  gravelly  ridges  or  beaches  formed  at 
diflFerent  levels  corresponding  to  the  successive  lake  levels.  The  slopes 
between  these  gravel  ridges  have  wave-washed  drift  consisting  largely 
of  coarse  material.  Very  little  fine  sediment  was  deposited  by  the  lake 
on  this  part  of  the  shore.  The  soil,  however,  has  proved  to  be  productive 
in  the  growth  of  vegetables  and  cereals. 

The  prevailing  type  of  soil  in  the  tracts  of  heavy  drift  is  a  stony  loam. 
This  is  true  .of  moraines,  till  plains,  and  of  the  part  within  the  limits  of 
Lake  Duluth.  Dr.  Elftman  reported  that  there  is  a  strip  of  heavy  drift 
embraced  in  flat  areas  among  rock  hills  on  the  south  side  of  Pigeon  River 
in  Ranges  3,  4,  5,  and  6  E.  in  which  a  clayey  drift  is  found,  which,  when 
cleared  and  drained,  is  likely  to  become  valuable  agricultural  district. 
It  lies  partly  within  the  limits  of  Lake  Duluth,  but  at  the  west  the  de- 
posits are  somewhat  higher  than  the  level  of  that  lake.  They  may,  how- 
ever, have  been  laid  down  in  ponded  waters  along  the  ice  border. 

Agricultural  development  is  at  present  mainly  in  a  narrow  strip 
scarcely  five  miles  wide  along  the  shore  of  Lake  Superior.  There  is  a 
belt  about  ten  miles  wide  lying  north  of  the  "Sawtooth  Moimtains"  from 


1  G.  A.  Ralph.    Bnginttr's  Report  on  Topographical  and  Drainage  Survey,  Minnesota,  1906. 
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Cascade  River  westward  to  Temperance  River  and  northward  to  Brule 
Lake,  in  which  the  drift  cover  is  heavier  than  to  the  north.  Parts  of  this 
may  be  suitable  for  agriculture.  The  roughness  of  surface,  stony  char- 
acter of  the  drift,  and  the  likelihood  of  frost  in  this  depression  back  of 
the  Sawtooth  range  give  the  area  of  thicker  drift  but  little  advantage  over 
the  rocky  area  to  the  north  for  crop  raising,  but  it  should  give  good  re- 
turns in  forest.  The  flat  areas  of  heavy  drift  along  Pigeon  River,  noted 
above,  are  also  as  yet  undeveloped,  and  are  likely  to  remain  so  until  a 
railway  line  is  constructed  which  will  give  an  outlet  for  the  produce. 

From  the  census  of  1910  it  appears  that  the  number  of  farms  had  in- 
creased in  the  preceding  decade  from  36  to  146.  Of  these,  115  have  an 
area  of  between  100  and  175  acres,  and  two  have  an  area  over  500  acres. 
On  many  there  has  been  very  little  cultivation  of  the  soil,  the  average 
acres  of  improved  land  per  farm  in  1910  being  only  10.7.  Thus  far  the 
market  facilities  are  restricted  mainly  to  the  season  of  boat  traffic  on  Lake 
Superior  which  runs  from  May  i  to  November  30.  The  Minnesota  and 
Northeastern  Railroad,  however,  has  now  extended  its  line  to  the  south- 
west part  of  the  coimty  and  thus  opened  winter  connections  with  Duluth. 
Vegetables  are  as  yet  grown  more  extensively  than  cereals  but  the  census 
returns  show  that  oats,  wheat,  barley,  and  rye,  have  each  a  good  yield 
per  acre. 

LAKE  COUNTY 

In  Lake  County  a  strip  several  miles  wide  along  the  shore  of  Lake 
Superior  in  which  the  principal  settlement  occurs  was  examined  in  detail. 
Lines  of  traverse  were  also  carried  into  the  unsettled  parts  of  the  county* 
lumber  camps  being  used  as  a  base  from  which  to  work.  Dr.  Arthur  H. 
Elftman,  who  joined  in  part  of  this  investigation,  also  greatly  aided  by 
supplying  information  concerning  the  character  of  soils  in  several  town- 
ships in  the  northern  half  of  the  county  which  he  had  examined  geologi- 
cally some  years  previous  under  the  direction  of  Professor  N.  H.  Win- 
chell.  Information  concerning  the  character  of  land  inside  the  limits  of 
the  National  Forest  was  obtained  also  from  the  foresters  located  there. 

The  northern  part  of  the  county,  as  far  south  as  Tp.  61,  is  a  very 
broken  district  with  rock  knobs  among  which  are  lakes  and  swamps.  It 
carries  only  a  thin  coating  of  glacial  drift  on  the  hills,  and  there  is  very 
little  easily  tillable  land.  The  greater  part  of  this  rocky  area  is  included 
in  the  National  Forest.  There  are  other  bare  rock  ridges  in  the  south-, 
em  part  of  Lake  County  within  the  limits  of  the  glacial  Lake  Duluth 
which  owe  their  bareness  in  part  to  the  work  of  the  lake  waves 
in  removing  the  drift  covering.  These  rock  outcrops  are  numerous  in  the 
southern  part  of  the  county  for  several  miles  back  from  the  present  shore 
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and  up  to  an  altitude  of  800  to  1,000  feet  above  the  level  of  Lake  Superior. 
There  are  several  townships  lying  between  these  rock  ranges  and  those 
of  the  northern  half  of  the  county  in  which  the  drift  is  so  heavy  as  to 
nearly  conceal  even  high  rock  hills  and  ridges.  There  are  also  fiat  areas 
among  the  exposed  rock  ranges  near  the  shore  of  Lake  Superior 'W^wfaich 
heavy  deposits  of  drift  occur. 

The  greater  part  of  Lake  County  was  covered  by  Patrician  ice  which 
came  in  from  the  north,  there  being  only  a  strip  fifteen  to  twenty  miles 
wide  next  to  Lake  Superior  which  was  covered  by  the  Superior  ice  field. 
Each  of  these  ice  fields  produced  a  great  system  of  moraines  which  be- 
come interlocked  in  the  eastern  part  of  Lake  County.  The  system  formed 
by  the  Patrician  ice  field  leads  westward  from  Tps.  59  and  60  R.  7  AV- 
across  this  county  into  St.  Louis -County,  covering  much  of  Tp.  59  R.  8W. 
and  Tp.  60  Rs.  9,  10,  and  iiW.  The  several  headwater  branches  of  Isa- 
bella River  start  in  this  morainic  system  and  Stony  River  has  most  of  its 
course  among  its  ridges.  Between  the  constituent  morainic  ridges  there 
are  narrow  strips  of  gravel  plain  formed  as  outwash  from  the  ice  border 
in  the  course  of  the  development  of  the  morainic  system.  The  amount  of 
drift  in  this  morainic  system  is  several  times  as  great,  square  mile  for 
sqtiare  mile,  as  in  the  district  to  the  north  of  it,  in  the  northern  half  of 
Lake  County. 

A  morainic  system  of  the  Superior  lobe,  which  joins  as  a  correlative 
of  that  of  the  Patrician  ice  field  just  described,  leads  from  their  place 
of  junction,  which  is  in  Tp.  59,  Rs.  7  and  8W,  southwestward  parallel 
to  the  shore  of  Lake  Superior  through  Lake  County  into  St.  Louis  Coimty. 
Its  inner  border  is  twelve  to  fourteen  miles  from  the  Lake  while  the  outer 
border  is  usually  sixteen  to  eighteen  miles.  Its  position  may  be  seen  by 
reference  to  Plate  L  The  highest  land  areas  in  Lake  County  are  at  the 
junction  of  the  morainic  systems,  there  being  a  few  knolls  on  the  moraines, 
which  by  barometric  measurement,  exceed  2,000  feet  above  the  sea.  Each 
of  the  morainic  systems  descends  in  passing  westward  from  there  to  the 
St.  Louis  County  line  to  an  altitude  of  about  1,700  feet  along  their  crests. 
The  inner  border  of  the  Superior  lobe,  which  is  considerably  lower  than 
the  crest,  is,  however,  generally  above  1,500  feet. 

In  topography  the  great  morainic  systems  are  rough  and  approach  in 
that  respect  the  rock  areas  of  the  northern  part  of  the  county,,  there  being 
numerous  hills  50  to  100  feet  high  with  steep  sides  difficult  of  cultiva- 
tion. For  this  reason  settlements  in  Lake  County  have  thus  far  avoided 
these  morainic  systems. 

There  are  several  townships  lying  between  these  two  great  morainic 
systems  in  western  Lake  County  which  are  covered  by  drift  belonging  to 
the  Patrician  ice  movement,  the  ice  having  melted  there  prior  to  the  de- 
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A.      BREAKING  GROUND  AT    MEAPOWLANDS 
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velopment  of  the  morainic  systems.  Scattered  drift  knolls  and  ridges 
are  found  in  these  townships  but  they  do  not  appear  to  form  definite 
morainic  belts.  The  greater  part  of  the  surface  is  nearly  plane  and  much 
of  it  is  swampy.  This  district  was  traversed  by  lines  of  glacial  drainage 
which  ran  away  from  the  great  morainic  systems  toward  the  southwest. 
The  headwaters  of  Qoquet  and  St.  Louis  rivers  are  in  channels  which 
were  developed  along  those  lines  by  the  escape  of  the  glacial  waters.  The 
swamps  are  largely  imderlaid  by  sand  and  gravel  deposits  brought  in  by 
the  glacial  drainage. 

On  the  slope  toward  Lake  Superior  there  are  narrow  strips  of  moraine 
developed  as  the  ice  border  halted  in  its  retreat  into  the  Superior  basin. 
They  are  far  less  conspicuous, 'however,  than  the  great  morainic  systems 
above  noted. 

From  the  junction  of  the  two  great  morainic  systems  in  T.  59,  R.  7W. 
northeastward  into  Cook  County  where  the  two  ice  fields  were  coalesced 
they  did  not  form  moraines.  Instead,  the  ice  fields  appear  to  have  blocked 
each  other's  movements  almost  completely  and  to  have  become  ramified 
near  their  junction  by  tunnels  through  which  the  water  formed  by  the 
melting  of  the  ice  flowed  and  deposited  gravel  and  sand  in  the  tun- 
nels. After  the  ice  was  all  melted  these  deposits  of  gravel  and  sand 
settled  down  on  the  imderlying  drift-covered  surface,  and  remained  there 
as  steep  sided  gravel  ridges  called  eskers.  In  Plate  IV  A  one  of  these 
ridges  which  is  90  feet  high  is  shown  and  it  will  be  noted  that  the  crest 
is  barely  wide  enough  for  a  wagon  track.  Eskers  are  found  quite  com- 
monly in  the  glaciated  districts.  In  this  locality  they  are  found  at  the 
junction  of  two  ice  fields  but  such  eskers  occur  frequently  inside  the  area 
of  a  single  ice  field.  They  formed  when  ice  movement  had  practically 
ceased 'and  where  the  ice  had  become  ramified  by  timnels.  Eskers  furnish 
good  material  for  road  building  rather  than  good  soil.  They  are  of  great 
value  for  road  material,  especially  in  districts  where  there  is  a  clayey 
drift. 

The  waters  of  Lake  Duluth  are  found  to  have  extended  back  to  a 
distance  of  four  or  five  miles  from  the  present  shore  of  Lake  Superior 
in  the  region  from  Knife  River  as  far  northeast  as  Beaver  Bay,  though 
for  several  miles  southwest  from  Beaver  Bay  a  rock  ridge  lying  back 
only  about  two  miles  from  the  shore  rose  slightly  above  the  lake  level. 
From  Beaver  Bay  northeastward  the  waters  of  Lake  Duluth  extended 
only  one  and  a  half  to  two  miles  back  from  the  present  lake  except  in 
narrow  inlets  in  the  valleys  of  Baptism  and  Manitou  rivers.  Rocky  ridges 
bordering  Lake  Superior  have  greater  breadth  from  Beaver  Bay  north- 
eastward than  they  have  to  the  southwest.  The  beaches  of  Lake  Duluth 
are  ill-defined  in  these  rocky  areas  but  are  distinctly  seen  in  the  form  of 


Digitized  by  VjOOQIC 


54  SURFACE  FORMATIONS  OF  MINNESOTA 

definite  gravel  ridges  where  the  shore  was  of  glacial  deposits.  These 
ridges  occur  at  various  levels  marking  the  successive  lake  stages  down 
to  the  present  shore.  The  highest  shore  is  not  far  from  550  feet  above 
Lake  Superior.  It  shows  a  slight  rise  from  southwest  to  northeast  in 
its  course  through  the  county. 

The  rough  areas  of  rock  ridges  and  hills  are  estimated  to  occupy 
about  40  per  cent  of  the  area  of  Lake  County.  The  lakes  occupy  about 
12  per  cent  and  the  swamps,  as  estimated  by  the  State  Drainage  Engineer, 
embrace  297  square  miles  or  14  per  cent  of  the  county.  There  thus  re- 
mains only  about  one  third  of  the  area  of  the  county  occupied  by  the 
better  classes  of  land.  Of  this  a  large  part  is  stony  loam  with  numerous 
cobblestones  as  well  as  bowlders  in  the  soil  and  on  the  surface.  A  nar- 
row strip  with  heavy  clay  soil  and  relatively  few  stones  is  found  along 
and  near  the  shore  of  Lake  Superior  in  the  southwest  part  of  the  county 
below  the  level  of  the  highest  beach  of  Lake  Duluth.  A  looser-textured 
clay  loam  with  only  a  moderate  number  of  stones  included  is  found  above 
the  level  of  Lake  Duluth  in  Tp.  54,  R.  loW.,  Tp.  55,  Rs.  9  and  loW., 
and  Tp.  56,  R.  9W.  This  district  is  traversed  by  the  Minnesota  and 
Northeastern  Railroad,  which  thus  gives  it  an  outlet  for  the  marketing 
of  products.  Both  of  the  great  morainic  systems  are  very  stony  but  the 
one  formed  by  the  Superior  lobe  appears  to  contain  somewhat  more  loam 
in  the  soil  than  that  formed  by  the  Patrician  ice  field.  The  district  lying 
betA^een  these  moraines  in  the  western  part  of  Lake  County  is  also  very 
thickly  strewn  with  stony  material,  except  along  lines  of  glacial  drain- 
age, where  some  deposits  of  gravel  and  sand  occur. 

Nearly  all  the  farming  settlements  in  Lake  County  are  in  the  two 
areas  of  clay  and  clay  loam  above  noted  which  lie  n^r  the  Lake  Supe- 
rior shore,  and  principally  within  ten  miles  of  it.  There  are,  however, 
two  settlements  more  remote.  One  in  the  western  part  of  the  county  in 
the  vicinity  of  Toimi  Post  Office  has  a  few  settlers.  The  main  settle- 
ment of  about  75  families  is  in  the  adjacent  part  of  St.  Louis  County. 
Another  in  Tp.  59,  R.  8W.  just  west  of  the  jimction  of  the  two  great 
morainic  systems  above  noted  has  about  40  settlers.  This  settlement  has 
the  distinction  of  being  the  most  elevated  one  in  the  state,  the  altitude 
being  between  1,800  and  2,000  feet.  Notwithstanding  the  high  altitude, 
and  remoteness  from  the  lake,  cereals  and  vegetables  have  been  grown 
with  marked  success.  The  soil  is  a  stony  loam  with  considerable  sandy 
admixture  both  in  this  settlement  and  the  one  around  Toimi.  There  are 
also  a  few  settlers  northeast  of  Ely  in  Tp.  63,  R.  iiW.,  and  a  few  in 
Tp.  62,  R.  loW. 

A  single  farm  has  been  opened  on  the  east  shore  of  Harriet  Lake  in 
Tp.  60,  R.  6W.  by  Anthony  Gasco,  a  view  of  whose  premises  is  given 
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in  Plate  V  A.  This  farm  is  at  an  altitude  of  nearly  i,8oo  feet  or  but 
slightly  lower  than  that  of  the  settlement  in  Tp.  59,  R.  8W.  When 
visited,  on  September  15,  191 3,  there  had  been  no  killing  frost.  Sweet 
com,  pumpkins,  cucumbers,  lettuce,  turnips,  cabbage,  beets,  tomatoes, 
and  potatoes  were  all  in  flourishing  condition,  as  well  as  cultivated  flowers 
of  many  kinds.  In  the  year  1912  Mr.  Gasco  raised  $300  worth  of  garden 
truck  on  less  than  five  acres. 

The  census  of  1910  reports  only  1.7  per  cent  of  the  county,  or  34.8 
square  miles,  to  be  in  farms,  and  only  10.7  per  cent  of  the  farm  lands 
to  be  improved.  The  crops  grown  in  1909  were  valued  at  $47,187.  Of 
this  $15,659  were  for  vegetables,  ahd  $18,742  for  hay  and  forage.  The 
cereal  crop  is  rated  at  only  $323,  there  being  but  15  acres  reported.  There 
has  been  considerable  advance  in  the  development  of  farms  since  the 
census  of  1910  was  taken,  yet  it  is  still  true  that  only  a  small  part  of  the 
land  that' is  suitable  for  cultivation  in  Lake  County  has  been  developed. 

ST.  LOUIS  COUNTY 

St.  Louis  Coimty  of  which  Duluth  is  the  county  seat,  embraces  more 
than  one  third  of  the  northeast  quarter  of  Minnesota,  its  area,  according 
to  the  Census  of  1910,  being  6,503  square  miles.  It  extends  from  the 
west  end  of  Lake  Superior  northward  to  Rainy  Lake  on  the  Canadian 
border,  or  from  T.  48N.  to  T.  71N.,  a  distance  of  fully  130  miles.  Its 
north  and  south  ends  are  irregular,  but  for  88  miles,  from  T.  52  to  T.  66 
inclusive,  the  county  has  a  regular  width  of  60  miles.  It  is  traversed  by 
several  railway  lines  radiating  from  Duluth.  Only  one  of  these,  the  Du- 
luth, Winnipeg  and  Pacific,  extends  through  to  Canada.  Several  lines 
have  termini  in  the  ^esabi  Iron  Range. 

Nearly  all  the  county  is  a  tableland  standing  600  to  900  feet  above 
Lake  Superior,  or  1,200  to  1,500  feet  above  sea  level.  The  Mesabi  Iron 
Range  and  the  associated  rock  ridges  rise  in  places  to  1,800  feet  above 
the  sea.  A  prominent  moraine  in  the  southeast  part  of  the  county  is 
about  1,700  feet  where  it  enters  from  Lake  County,  and  the  bed-rock 
surface  there  attains  an  altitude  of  about  1,600  feet.  The  rock  surface 
has  an  altitude  of  1,500  to  1,700  feet  along  much  of  the  eastern  part  of 
the  county.  The  altitude  decreases  westward  in  the  district  on  each  side 
of  the  Mesabi  range.  That  range  reaches  its  highest  elevation  of  about 
1,800  feet  in  the  central  part  of  the  county. 

For  a  distance  of  30  to  35  miles  south  from  the  Canadian  boundary, 
or  as  far  south  as  Pelican,  Vermilion,  and  Birch  lakes,  the  drift  is  very 
scanty  on  the  hills  and  ridges.  The  Mesabi  Range  is  very  thinly  coated 
with  drift  in  places,  though  its  south  slope  and  the  portion  west  from 
Chisholm  carry  a  relatively  heavy  coating.    Between  the  Mesabi  Range 
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and  Vermilion  Lake,  in  the  drainage  areas  of  Sturgeon  and  Little  Fork 
rivers,  there  is  generally  a  heavy  cover  of  drift.  The  drift  cover  is  heavy 
also  south  of  the  Mesabi  Range,  except  in  a  narrow  strip  fronting  on  Lake 
Superior  where  bare  ledges  are  conspicuous.  These  ledges  are  chiefly  in 
T.  49,  R.  15W.,  T.  50,  R.  14W.,  and  T.  51,  R.  13W.  The  drift  of  this 
county  was  brought  in  from  the  three  ice  fields  discussed  in  the  introduc- 
tory statement.  The  Superior  ice  lobe  covered  the  <:ounty  from  the 
direction  of  Lake  Superior  as  far  northwest  as  the  valley  of  Qoquet 
River.  The  Keewatin  ice  field  extended  into  the  county  from  the  north- 
west covering  about  twenty  townships  north  of  the  Mesabi  Iron  Range, 
and  a  still  larger  area  in  the  St.  Louis  basin  south  of  the  range.  It  did 
not,  however,  override  the  portion  of  the  Mesabi  Range  in  this  county, 
but  came  across  the  range  in  Itasca  County,  and  then  spread  eastward 
along  the  south  side  of  the  range,  in  St.  Louis  County. 

The  ice  from  the  Patrician  district  covered  the  northeastern  part  of 
the  county  as  late  as  the  time  when  the  other  two  ice  fields  were  occupy- 
ing the  southern  and  western  portions,  as  just  described.  The  morainic 
system  of  the  Patrician  ice  sheet,  which  is  correlated  with  the  great  mo- 
rainic system  of  the  Superior  lobe,  as  indicated  in  the  discussion  of  Lake 
County,  continues  into  St.  Louis  Coimty  to  Vermilion  Lake.  From  that 
lake  northward  the  Patrician  and  Keewatin  ice  fields  may  have  been 
nearly  confluent  along  a  line  lying  not  far  from  the  Vermilion  River. 
Extensive  areas  of  Patrician  drift  in  eastern  St.  Louis  County  and  along 
the  Mesabi  Range  are  a  little  older  than  these  great  morainic  systems, 
and,  as  already  stated,  the  Patrician  drift  of  southwestern  St.  Louis 
County  and  neighboring  districts  was  encroached  upon  by  the  Superior 
and  Keewatin  ice  fields  and  to  that  extent  its  drift  deposit  lies  buried 

eath  their  drifts.    (See  Plate  II A  and  II  B.) 

le  lakes  of  St.  Louis  County  are  estimated  to  occupy  365  square 
miles,  not  including  those  along  the  Canadian  border.  The  great  majority 
are  less  than  one  square  mile  in  arfta,  but  there  are  a  few  of  considerable 
size  within  the  limits  of  this  county.  The  area  of  Vermilion  Lake  is 
about  70  square  miles,  of  Lake  Kapetogama  fully  30  square  miles,  of 
Pelican  Lake  20  square  miles,  and  of  Trout  Lake  1 1  square  miles. 

The  swamp  lands  of  St.  Louis  County,  as  estimated  by  the  State 
Drainage  Engineer  in  his  report  for  1906,  occupy  1,862  square  miles,  of 
which  372  are  open  swamp  with  little  or  no  forest  growth.  Much  that 
is  now  classed,  and  which  appears  in  the  Land  Survey  plats  as  swamp 
land,  will  drain  naturally  when  cleared  of  brush  with  but  little  aid  by 
ditching.  It  is  estimated  that  the  rock  hills  and  ranges  of  St.  Louis 
Coimty  embrace  an  area  of  nearly  1,700  square  miles,  or  somewhat  more 
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than  one  fourth  of  the  county.  The  area  of  dry  land  with  thick  drift 
cover  is,  however,  still  larger  than  the  rock  areas,  being  estimated  at 
2,600  square  miles,  or  about  40  per  cent  of  the  county. 

The  area  covered  by  Lake  Duluth  in  this  county  is  only  about  100 
square  miles,  the  highest  shore  line  being  in  places  scarcely  a  mile  back 
from  the  lake.  In  the  eastern  part  of  the  county,  however,  the  distance 
increases  to  fully  five  miles. 

The  most  extensive  class  of  soil  in  St.  Louis  County  is  the  stony  loam. 
This  is  the  dominant  type  in  the  great  morainic  system  of  the  Superior 
lobe  which  runs  southwestward  across  the  southern  part  of  the  county, 
though  included  among  those  morainic  ridges  there  are  nearly  level  areas 
in  which  a  somewhat  heavy  clay  with  comparatively  few  stones  occurs. 
(See  Plates  XII  A,  XII B.)  The  Patrician  drift  in  the  eastern  part  of 
the  county  is  as  a  rule  exceedingly  stony  both  in  the  ridges  and  on  the 
level  areas.  On  the  Mesabi  Range  the  drift  is  in  places  so  thickly  set 
with  bowlders  as  to  form  a  literal  pavement.  (See  Plate  XV  A).  In 
the  district  between  the  Mesabi  rai^e  and  Vermilion  Lake  there  are 
rough  and  stony  morainic  strips  (see  Plate  IX  B)  between  which  are 
nearly  plane  areas  part  of  which  are  of  sand  and  gravel  and  part  of  stony 
drift  similar  to  that  in  the  moraines. 

In  the  St.  Louis  basin,  south  of  the  Mesabi  Iron  Range,  there  are 
several  classes  of  soil.  A  strip  several  miles  wide  immediately  south  of 
the  iron  range  has  a  clayey  till  with  relatively  few  stones  imbedded  in 
it,  which  was  deposited  by  the  Keewatin  ice  sheet.  (See  Plate  II  B.) 
This  kind  of  drift  is  also  present  on  the  south  side  of  St.  Louis  River 
in  several  townships  lying  east  of  the  Duluth,  Winnipeg  and  Pacific  Rail- 
road, and  north  of  White  Face  River. 

Another  extensive  deposit  in  the  St.  Louis  basin  is  a  fine  sand  which 
borders  the  river  for  most  of  its  course,  from  the  crossing  of  the  Duluth 
and  Iron  Range  Railroad  down  to  the  crossing  of  the  G^leraine  branch  of 
the  Duluth,  Mesabi  and  Northern  Railroad,  and  which  also  spreads  west- 
ward to  withinfl^  ff^w  t}^\\^  nf  t^j^p  Mf^oabi'  ^«ff^  in  the  drainage  basin  of  ^ 
Swan  River.  fThis  sand  apparently  underlies  a  considerable  part  of  the^^ 
muskeg  in  the  western  part  of  St.  Louis  County. 

From  the  crossing  of  the  Coleraine  branch  of  the  Duluth,  Mesabi  and 
Northern  down  the  St.  Louis  and  Whiteface  valleys  there  is  a  deposit 
composed  more  of  silt  than  of  sand  which  seems  to  have  been  laid  down 
in  Lake  Upham,  the  lake  which  once  occupied  this  area  and  discharged 
through  the  St.  Louis  River  below  Floodwood.  The  same  deposit  is 
exposed  along  the  Floodwood  River  for  many  miles  above  its  mouth,  and 
is  found  to  underlie  the  muskeg  swamps  for  some  distance  north  and 
west  of  Floodwood.  iThe  Meadowlands  Experimental  Farm  in  T.  53, 
R.  19W.  lies  within  tfe  limits  of  this  silt  deposit,  (see  Plates  VIII  A, 
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VIII  B,  and  VIII  C),  and  a  farming  district  in  the  vicinity  of  Floodwood 
is  also  developed  within  it. 

In  the  area  covered  by  Lake  Duluth  fully  80  of  its  100  square  miles 
have  a  clayey  drift  in  which  stones  are  relatively  scarce  compared  with 
their  number  outside  of  the  lake  area.  About  10  square  miles  are  em- 
braced in  rock  ranges  in  which  the  drift  has  been  nearly  all  washed  away 
by  lake  action.  The  remaining  10  square  miles  are  occupied  by  drift  of 
a  stony  and  sandy  character.  This  kind  of  drift  is  found  chiefly  from 
Duluth  southwestward. 

In  the  western  part  of  the  county  on  the  borders  of  Little  Fork  River 
'f^^^  P^y^tf^fi  X  ^  ^nd  XI  A  ^  and  the  lower  course  of  Sturgeon  River 
there  is  an  area  of  over  200  square  miles  of  clayey  deposits  in  which  very 
few  stones  occur,  and  which  is  already  being  developed  extensively,  as 
the  soil  is  productive  and  easily  cultivated.  A  considerable  part  of  this 
area  as  noted  above  was  swept  by  a  forest  fire  some  fifty  years  ago.  Less 
extensive  clayey  tracts,  occupying  perhaps  40  square  miles  (<n^^  "P^at^ 
^IXA),  are  found  along  the  borders  of  Vermilion  River  from  T,  6gN.  to 
Crene  Lake  iii-¥;  67N^  -£^.  17W.  These  clayey  tracts  are  in  the  arei^ 
once  covered  by  the  waters  of  Lake  Agassiz  and  the  material  forming 
the  soils  may  be  in  part  a  lake  deposit.  A  large  part  also  of  the  area 
covered  by  Lake  Agassiz  in  northwestern  St.  Louis  County  is  hilly  and 
many  of  the  hills  have  little  drift  coating.  There  are,  however,  among 
the  hills,  deposits  of  the  calcareous  clayey  till  of  the  Keewatin  ice  field, 
which  promise  to  become  productive  when  cleared  and  brought  under 
cultivation. 

The  census  of  1910  shows  426}^  square  miles,  or  6.6  per  cent  of  the 
area  of  the  county,  to  be  in  farms,  and  of  these  15  per  cent  is  improved 
land.  The  amount  of  improved  land  has  probably  more  than  doubled 
in  the  five  years  since  the  census  was  taken.  The  crops  of  1909  were 
valued  at  $919,360.  Of  this  about  one  third  was  in  hay  and  forage.  The 
value  of  the  vegetables  is  placed  at  $220,556,  which  is  about  nine  times 
the  value  of  the  cereals  of  that  year  ($24,449).  The  yield  of  potatoes 
averages  about  150  bushels  per  acre  for  the  2,378  acres  planted  to  that 
crop.  Within  the  past  five  years  many  residents  of  Duluth  have  invested 
in  small  tracts  of  one  to  five  acres  on  the  hills  bordering  the  city  and  are 
developing  them  rapidly  in  truck  gardens. 

-       KOOCHICHING  COUNTY 

Koochiching  County,  with  International  Falls  as  its  county  seat,  oc- 
cupies the  northwest  part  of  the  area  under  discussion.  Rainy  Lake  and 
Rainy  River  form  its  northern  boundary  and  separate  it  from  Canada* 
It  is  traversed  from  southwest  to  northeast  by  the  Minneapolis  and  In- 
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A.      CLEARING  IN   POPLAR   FOREST  ON   LITTLE   FORK   RIVER,   ST.   LOl'IS   COUNTY 


B.      DITCHING   A    MUSKEG    IN    ST.    LOUIS    COUNTY 


C      JACK  PINE  OYER   100  FEET   HIGH   AT  STURGEON   LAKE,  ST.   LOUIS   COUNTY 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


KOOCHICHING  COUNTY  59 

temational  Falls  Railroad  and  its  northeast  comer  is  crossed  by  the  Du- 
luth.  Rainy  Lake  and  Winnip^  Railroad.  The  Minnesota,  Dakota  and 
Western  has  a  passenger  line  from  International  Falls  to  Loman,  and  a 
logging  road  south  from  Little  Fork  into  Itasca  County.  The  principal 
inhabitation  is  along  the  lines  of  the  railways  and  along  Rainy  River. 
Boat  service  on  Rainy  River  is  maintained  from  International  Falls  down 
to  Lake  of  the  Woods  throughout  the  summer  season. 

The  area  of  the  county  is  3,141  square  miles  which  was  cut  off  from 
Itasca  County  in  1906.  Three  ranges  of  townships  .on  its  western  side, 
embracing  an  area  of  1,027  square  miles,  have  been  described  in  the  re- 
port on  the  northwest  quarter  of  Minnesota,  Bulletin  12,  Minnesota  Geo- 
logical Survey,  the  94th  meridian  being  the  botmdary  between  the  area 
there  described  and  the  portion  of  the  county  here  discussed. 

The  greater  part  of  the  county  falls  within  the  limits  of  the  glacial 
Lake  Agassiz,  less  than  12  per  cent  being  above  the  level  of  the  highest 
shore  of  that  lake.  Of  the  part  lying  east  of  the  94th  meridian  only  170 
square  miles  of  the  2,114  are  above  the  level  of  Lake  Agassiz  shore  lines. 
The  area  covered  by  the  lake  is  nearly  half  swamp  land.  The  better 
drained  areas  are  chiefly  a  calcareous  bowlder  clay  composed  of  the  Kee- 
watin  drift.  Thin  deposits  of  lake  silt  have  been  laid  down  over  the 
flatter  portions.  These  well-drained  areas  are  largely  found  on  the  imme- 
diate borders  of  the  streams,  although  in  the  eastern  part  of  the  coimty 
they  extend  more  widely  over  the  interstream  areas.  In  the  northeastern 
part  of  the  county  on  the  borders  of  Rainy  Lake  and  southward  to  Lake 
Kabetogama  there  are  rock  hills  with  very  thin  deposits  of  drift  on  their 
slopes.  South  of  these  rock  hills  there  are  ridges  of  drift  which  seem 
to  be  composed  mainly  of  Patrician  drift  but  which  are  coated  with  the 
calcareous  Keewatin  drift.  They  appear,  therefore,  to  be  overridden 
moraines  of  the  former  drift.  There  are  other  ridges  in  the  vicinity  of 
the  Minnesota  and  International  Railroad  from  Little  Fork  southwest- 
ward  for  several  miles  which  have  a  nucleus  of  Patrician  drift  and  a 
veneer  of  Keewatin  drift.  A  few  miles  farther  southwest  there  is  a 
morainic  strip  running  from  northwest  to  southeast  which  is  crossed  by 
the  Big  Fork  River  just  below  the  mouth  of  Sturgeon  River  and  which 
runs  southeastward  on  the  north  side  of  Big  Fork  River  past  Big  Falls 
and  thence  with  slight  interruptions  to  Little  Fork  River  in  the  east  part 
of  T.  65,  R.  2sW.  The  same  belt  reappears  between  Little  Fork  and  Net 
Lake  rivers  and  continues  southeastward  into  St.  Louis  County,  passing 
just  south  of  Net  Lake  and  leading  past  the  south  side  of  Pelican  Lake 
to  the  west  end  of  Vermilion  Lake.  This  morainic  strip  seems  to  have 
been  formed  in  the  main  by  the  Patrician  ice  field  but.it  carries  a  some- 
what heavy  deposit  of  Keewatin  drift.    For  several  miles  in  the  vicinity 
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of  Big  Falls  and  in  much  of  its  course  gravel  and  sand  deposits  are 
abundant,  thus  distinguishing  it  from  the  ridges  farther  north  which  are 
composed  chiefly  of  bowlder  clay. 

The  highest  shore  of  Lake  Agassiz  is  marked  generally  by  a  well- 
deflned  gravel  ridge  or  beach.  Numerous  jgjavelly  ridges  are  also  de- 
veloped at  lower  levels,  some  of  which  appear  as  narrow  strips  of  dry 
land  traversing  the  extensive  swamps.  These  have  served  as  lines  for 
highways  across  the  swamps. 

Systematic  surveys  are  being  made  for  draining  the  swamps  of  this 
county  (see  Plate  XIV  B),  under  the  direction  of  the  County  Surveyor, 
and  roads  will  be  constructed  along  each  of  the  main  ditches  thus  giving 
openings  to  the  market  for  areas  of  farming  land  which  are  at  present 
cut  off  by  swamps. 

Estimates  have  been  made  from  fleld  maps  of  the  percentages  of  each 
of  the  several  main  classes  of  land  in  this  part  of  Koochiching  Cotmty 
east  of  the  94th  meridian.  Similar  estimates  given  in  Bulletin  12,  page 
61,  show  the  percentages  of  the  western  part  of  the  county. 

Percentages  of  Classes  of  Land 

Square  Per  cent 

miles  of  county 

Moraine  with  sandy  to  gravelly  loam  soil 87  4.1 

Overridden  morainic  ridges  with  clay  loam  soil 19  0.9 

Till  plain  with  prevailing  clay  loam  soil 125  5.91 

Lake  washed  drift  with  clay  loam  soil 731  34-57 

Lake  washed  drift  with  sandy  loam  soil 42  2.00 

Sandy  and  gravelly  deposits  of  old  lake  shores 54  2.55 

Hilly  land  with  rock  near  surface 55  2.60 

Interior  lakes  16  0.75 

Swamp  lands  985  46.62 


2,114  100.00 

The  census  returns  for  the  entire  county  show  that  in  1910  only  3.6 
per  cent  of  the  land  area  was  in  farms,  and  only  7.5  per  cent  of  the  farm 
land  was  improved.  The  rapid  growth  of  International  Falls  has  given 
a  good  market  for  farm  products  in  the  north  end  of  the  county  and 
farms  there  are  being  rapidly  developed.  The  clay  loam  soil,  both  in  the 
till  plains  above  the  level  of  Lake  Agassiz  and  in  the  till  which  has  been 
washed  by  the  lake,  may  be  developed  easily  into  first-class  farm  land. 
It  has  only  a  moderate  number  of  bowlders  and  cobblestones  except 
locally  where  the  underlying  stony  Patrician  drift  comes  to  the  surface 
or  has  been  involved  with  the  more  clayey  Keewatin  drift  by  the  read- 
vance  of  the  Keewatin  ice  over  it. 
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A.      FIRST  CROP  ON    LAND   STUMPED   THE   PREVIOUS   YEAR   AT   EXPERIMENT   FARM,   DULUTH 
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B.      HEAVY    STEEL   DISK    USED   IN    PREPARING    NEW    SOIL 


C.      WINTER  VIEW  AT  DULUTH   EXPERIMENT  FARM 
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ITASCA  COUNTY 


Itasca  County,  of  which  Grand  Rapids  b  the  county  seat,  is  in  the 
western  part  of  the  area  herein  Hf>grrilv*/^a|^(^  ^Trtf||f|j  nliii  iirnl  of dir' 
94th  mfridian  ahmit  gn  miUn  i«»0'^he^f€a.difinissed  in  Bulletin  J2.  The 
cutting  off  of  Koochiching  County  in  1906  has  reduced  its  area  to  2,780 
square  miles.    Of  this,  470  square  miles  are  west  of  the  94th  meridian. 

A  line  of  the  Great  Northern  Railroad  crosses  the  southern  end  of  the 
county.  Other  railway  lines  with  termini  in  the  Mesabi  Iron  Range  ex- 
tend into  the  southeast  part  of  the  county.  The  Minnesota  &  Rainy 
River  Railroad  has  lines  running  into  the  northern  part  of  the  county 
which  are  used  chiefly  for  logging  purposes.  One  of  these  opens  a  mar- 
ket for  farming  districts  around  the  thriving  town  of  Big  Fork.  The 
Mississippi  River  has  a  low  rate  of  fall  and  a  sluggish  current  from 
Grand  Rapids  to  Brainerd,  and  it  is  navigated  by  occasional  boats  be- 
tween these  cities. 

The  eastern  half  of  the  county  is  very  diversified  in  topography  and 
in  soil.  The  Mesabi  Iron  Range  nms  across  the  southeast  part  of  tht 
county  in  a  northeast  to  southwest  course  and  has  a  moraine  or  other 
thick  drift  covering  superposed  on  it  throughout  its  course  in  this  county. 
Its  highest  points  in  the  eastern  part  of  the  cotmty  rise  above  the  1,600 
foot  contour,  but  the  greater  part  of  the  range  falls  between  1,300  and 
1,500  feet.  There  are  only  a  few  points  at  which  natural  exposures  of 
the  rock  occur  on  this  range.  The  large  mine  pits,  however,  consider- 
ably increase  the  area  of  exposure. 

^'  There  are  extensive  till  plains  in  the  northeast  part  of  the  county 
from  the  Mesabi  range  northward.  There  are  also  a  few  rock  hills  and 
ridges  as  indicated  on  Plate  I. 

The  western  half  of  the  county  has  extensive  tracts  with  level  to 
gently  undulating  surface,  much  of  which  is  poorly  drained.  These  areas 
may  be  greatly  improved  by  a  moderate  amount  of  ditching  after  the 
fallen  timber  and  obstructions  to  drainage  are  cleared  away»  The  ex- 
treme southeast  part  of  the  county  takes  in  a  few  square  miles  of  the 
great  muskeg  in  the  St.  Louis  River  basin.  Most  of  the  southern  part 
of  the  county,  however,  drains  to  the  Mississippi  River  below  where  it 
crosses  the  Mesabi  Range  at  Grand  Rapids.  The  northern  half  of  the 
county  is  drained  to  Hudson  Bay.  A  few  square  miles  in  the  northeast 
comer  lie  in  the  basin  that  was  once  covered  by  the  waters  of  Lake 
Agassiz. 

There  are  a  large  number  of  small  lakes  among  the  moraines  and 
in  the  outwash  gravel  plains  in  this  cotmty,  the  combined  area  of  which, 
as  estimated  by  Mr.  George  A.  Ralph,  is  227  square  miles.  The  swamps 
of  the  entire  county  are  estimated  to  occupy  845  square  miles,  but  the 
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area  of  the  swamps  can  be  greatly  reduced  at  moderate  expense  and 
changed  into  fertile  till  plains.  The  soil  oi  the  till  plains  is  diversi- 
fied and  ranges  from  fine  clayey  loam  to  a  loose-textured  stony  loam.  It 
was  found  impracticable  to  map  with  any  accuracy  the  extent  of  each 
kind  of  soil  in  these  plains.  They  are  accordingly  classed  in  the  table 
below  as  till  with  mixed  soil,  n  1 1  i   j      r-ttd  liT  thtt  Ifittrn  TM  jtrrttrr 


The  moraines  are  very  largely  of  a  loose-textured  till  with  a  lie 
admixture  of  bowlders  and  smaller  stones  gathered  up  apparently  from 
the  Patrician  drift  which  underlies  the  Keewatin  drift  tiiroughout  this 
county.  In  some  cases  it  is  thought  that  the  morainic  ridges  were  formed 
by  the  Patrician  ice  field,  for  they  seem  to  have  but  a  thin  veneer  of  Kee- 
watin drift.  This  is  especially  true  of  those  in  the  eastern  part  of  the 
county. 

The  outwash  plains  are  composed  of  sandy  gravel.  They  are  inter- 
rupted more  or  less  by  scattered  knolls  and  gently  undulating  tracts  with 
somewhat  gravelly  material  not  easily  connected  into  definite  morainic 
Mts. 
'N^  There  are  numerous  places  in  the  northeast  part  of  the  county  where 
/^  tbc  relief  of  ridges  is  due  in  part  to  the  altitude  of  the  underlying  rock, 
but  there  are  only  a  few  natural  outcrops  of  rock.  The  areas  in  which 
rock  is  near  the  surface  are  estimated  to  amotmt  to  not  more  than  25 
square  miles  in  the  entire  county.  This  includes  the  places  where  rock  b 
known  to  be  within  a  few  feet  of  the  surface  and  tfie  places  uncovered 
by  mining,  as  well  as  the  natural  exposures. 

The  estimates  of  percentages  of  different  classes  of  land  given  in  the 
table  below  are  for  the  entire  county,  since  only  a  small  part  of  it  was 
embraced  in  the  estimates  given  in  Bulletin  12, 

Percentages  of  Classes  of  Land 

Square  Per  eent 

miles  of  cotmtj 

Moraines  chiefly  with  sandy  to  stony  loam  soil 685  24.64 

Till  plains  with  variable  soil 775  27-88 

Gravel  plains  and  other  deposits  of  sandy  gravel 225  8.10 

Areas  with  rock  near  surface 25  .90 

Lakes    225  8.08 

Swamp   lands    845  30^ 

2,780  100.00 

The  census  of  1910  gives  6.2  per  cent  of  the  land  area  of  Itasca  County 
in  farms,  and  of  this  only  12.6  per  cent  was  improved  farm  land.  The 
farms  are  developed  chiefly  along  the  Mesabi  Iron  Range  in  the  vicinity 
of  the  mining  towns.  But  there  are  also  farming  districts  south  of  Grand 
Rapids,  and  a  few  farms  are  developed  along  the  Great  Northern  Rail- 
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way  lines  in  the  southeastern  part  of  the  county  in  the  vicinity  of  Swan 
River,  Goodland,  Acropolis,  and  Bengal.  As  is  natural  in  this  region 
in  the  vicinity  of  mining  towns,  vegetables  form  the  principal  crops,  and 
amount  to  about  30  per  cent  of  the  value,  while  cereals  amount  to  only 
4  per  cent.  Hay  and  forage  in  1909  constituted  24  per  cent  of  the  en- 
tire crop  values. 

EASTERN  CASS  COUNTY 

The  part  of  Cass  County  west  of  the  94th  meridian  has  been  de- 
scribed in  Bulletin  12,  and  an  area  of  about  375  square  miles  east  of  that 
meridian  remains  to  be  described  herein.  This  is  a  strip  a  little  more 
than  10  miles  wide  and  about  36  miles  long.  It  is  crossed  centrally  by 
the  "Soo"  Railroad  on  which  is  located  the  thriving  village  of  Remer,  the 
only  village  in  this  part  of  Cass  County.  The  land  surface  is  flat  to 
gently  undulating  as  far  south  as  Remer  and  much  of  it  is  swampy.  This 
part  of  the  county  was  covered  by  the  Keewatin  ice  sheet,  and  its  southdm 
limit  was  about  five  miles  south  of  Remer  at  Big  Rice  I^ke.  The  bor- 
der of  Keewatin  drift  deposits  runs  eastward  from  there  to  Shovel  lake 
in  Aitkin  County.  Railway  cuts  between  Remer  and  Shovel  Lake  ex- 
pose the  Patrician  drift  beneath  the  Keewatin  and  show  the  more  stony 
character  of  the  former  drift.  The  greater  part  of  the  Keewatin  drift 
has  a  clayey  to  sandy  loam  soil  with  very  few  bowlders  and  cobble  stones. 

From  Big  Rice  Lake  southward  past  Thunder  Lake  there  is  a  promi- 
nent moraine  of  the  Patrician  drift  which  runs  eastward,  but  becomes 
overridden  by  the  Keewatin  drift  near  Shovel  Lake.  It  contains  hills  50 
to  100  feet  high  and  is  very  stony  as  well  as  rugged.  South  of  this  mo- 
raine is  a  till  plain  several  miles  in  width  with  gently  undulating  sur- 
face. This  also  is  very  stony  but  has  a  soil  of  sufficient  strength  to  make 
excellent  grazing  land.  South  of  this  plain  is  another  moraine  running 
from  Crooked  Lake  northeastward  into  Aitkin  County.  This  also  is 
rugged  with  sharp  knolls  and  deep  basins  and  its  soil  is  very  stony.  A 
few  settlers  have  located  on  and  near  it  in  the  vicinity  of  Mae  post  office.  , 

NORTHEASTERN  CROW  WING  COUNTY 

A  small  area  of  scarcely  250  square  miles  in  the  northeastern  part  of 
Crow  Wing  County  lies  in  this  quarter  of  Minnesota.  It  is  a  very  diver- 
sified area,  parts  of  it  being  strongly  morainic,  other  parts  of  it  gently 
undulating,  and  a  strip  in  the  vicinity  of  the  Mississippi  River  which  was 
covered  by  Lake  Aitkin  is  very  flat.  The  Keewatin  ice  extended  a  small 
lobe  down  the  Mississippi  valley  into  Crow  Wing  County  as  far  as  Rab- 
bit Lake  north  of  Cuyuna,  but  not  more  than  35  square  miles  of  this 
county  are  covered  by  that  drift.    At  its  southwest  end  this  area  of  Kee- 
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watin  drift  encroaches  on  a  prominent  moraine  of  Patrician  drift  which 
crosses  the  Mississippi  River  west  of  Rabbit  Lake.  The  part  north  of 
the  Mississippi  has  its  western  border  along  Little  Pine  River,  there 
being  an  extensive  gravel  plain  west  of  that  stream  from  Emily  south- 
ward. The  moraine  becomes  diffuse  east  of  Emily  but  is  traceable  north- 
eastward into  Aitkin  County.  The  part  south  of  the  Mississippi  sweeps 
around  the  west  and  south  sides  of  Mille  Lacs  Lake.  A  till  plain  with 
gently  undulating  surface  and.  only  a  moderate  number  of  surface  bowl- 
ders occupies  the  district  northward  from  Emily  to  Outing  and  thence 
eastward  through  the  northern  edge  of  Crow  Wing  County  into  Aitkin 
County.  Parts  of  this  have  a  rich  loose-textured  soil.  In  the  morainic 
areas  there  are  scattered  settlers  who  have  selected  the  land  that  has 
relatively  few  bowlders  and  easily  cultivated  soil.  The  area  that  was 
covered  by  Lake  Aitkin  lies  mainly  south  of  the  Mississippi  River  and 
usually  has  a  sandy  soil  except  where  covered  by  peat.  The  subsoil  be- 
comes clayey  within  the  depth  of  a  few  feet  and  in  places  at  only  a  few 
inches  in  depth  and  the  land  gives  good  returns  under  cultivation. 

AITKIN  COUNTY 

Aitkin  County  lies  mainly  in  the  southwest  part  of  the  northeast  quar- 
ter of  Minnesota  but  extends  also  a  few  miles  south  of  the  median  line 
of  the  state  and  embraces  the  north  half  of  Mille  Lacs  Lake,  the  second 
largest  lake  in  the  state.  The  entire  coimty  is  included  in  the  present 
discussion.  Nearly  all  of  it  is  within  the  Mississippi  River  drainage, 
only  a  few  square  miles  in  the  northeast  comer  being  tributary  to  Lake 
Superior  through  St.  Louis  River.  The  area  of  the  county  is  about  1,975 
square  miles,  of  which  about  200  square  miles  is  occupied  by  lakes.  The 
area  within  Mille  Lacs  Lake  is  nearly  100  square  miles. 

A  line  of  the  Northern  Pacific  Railroad  running  westward  from  Du- 
luth  centrally  across  the  county  was  for  many  years  the  only  line  of 
railway  in  it.  But  recently  three  branches  of  the  Soo  Line  system  have 
been  extended  across  the  cotmty,  one  through  the  north  half,  another 
through  the  southeast  part,  and  another  near  the  line  of  the  Northern 
Pacific  through  the  central  part.  There  is  also  a  small  railway  line  run- 
ning from  the  Great  Northern  at  Swan  River  to  the  thriving  town  of 
Hill  City  in  the  north  part  of  the  coimty. 

Except  in  the  vicinity  of  Aitkin,  the  county  seat,  the  entire  county  is 
sparsely  settled.  There  is  a  large  amount  of  swamp  land,  it  being  esti- 
mated by  Ralph  that  828  square  miles,  or  about  42  per  cent  of  the  county, 
is  too  wet  for  cultivation  imder  present  conditions.  There  are,  however, 
large  areas  of  wet  land  in  the  southern  half  of  the  coimty  which  will 
need  only  a  slight  amount  of  ditching  to  get  rid  of  the  surplus  water  after 
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PLATE    XIV 


A.      SPRUCE  AND   POPLAR  ON    BED  OF   LAKE   AGASSIZ    WEST  OF   COOK 


B.      MUSKEG  IN   BED  OF  LAKE  AGASSIZ   NEAR  BIG   FALLS 
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it  has  been  cleared  of  brush  and  timber.  The  subsoil  of  these  wet  tracts  is 
chiefly  clay  with  only  a  thin  cover  of  peat  and  muck.  The  northern  part 
of  the  county  has  extensive  musk^s  with  thick  deposits  of  peat,  and 
wire  g^ass  marshes  with  a  substratum  of  sand  or  silt.  The  place  where 
these  marshes  and  muskegs  are  was  for  some  time  after  the  disappear- 
ance of  the  ice  occupied  by  shallow  lakes  which  became  drained  with 
the  cutting  down  of  the  valleys  of  the  Mississippi  and  St.  Louis  rivers. 

Each  of  the  three  drifts,  Superior,  Patrician,  and  Keewatin,  are  pres- 
ent in  the  county.  The  Superior  drift  covers  several  townships  in  the 
southeast  part.  The  Patrician  drift  is  at  the  surface  in  the  western  part 
of  the  county  and  underlies  the  other  drifts  in  the  remainder  of  the 
county.  The  Keewatin  drift  covers  most  of  the  northern  half  of  the 
county  and  extends  in  places  a  few  miles  into  the  southern  half.  It  does 
not,  however,  cover  the  Patrician  drift  in  an  area  of  high  land  in  the 
northwest  part  of  the  county  lying  south  and  west  of  Willow  River. 

There  are  several  areas  of  sharply  ridged  or  morainic  drift  distributed 
widely  over  the  county  and  occupying  nearly  one  fourth  of  its  surface. 
Their  distribution  may  be  seen  by  reference  to  the  general  map,  Plate  I. 
There  are  two  moraines  of  the  Superior  lobe  in  the  eastern  part.  All 
the  other  moraines  were  formed  by  the  Patrician  ice.  Those  in  the 
northern  half  were  also  overridden  to  some  extent  by  the  Keewatin  ice. 
As  a  result  of  this  overriding  the  surface  has,  on  the  whole,  been  ren- 
dered smoother,  but  in  a  few  places  the  later  ice  movement  appears  to 
have  shoved  up  sharp  ridges  where  the  surface  before  had  been  less 
sharply  ridged. 

The  sharp  knolls  and  ridges  of  the  moraines  are  usually  composed  of 
gravel  and  sand  and  of  very  stony  till.  Surface  bowlders  are  also  numer- 
ous. Such  land  seems  better  adapted  for  grazing  than  for  cultivation, 
though  some  good  farms  have  been  developed  on  hills  in  the  southern 
part  of  the  coimty. 

The  level  or  gently  undulating  tracts  in  the  midst  of  the  morainic 
areas,  as  well  as  the  extensive  plains  separating  the  moraines,  have  usually 
a  productive  clay  loam  soil  adapted  for  agriculture.  This  is  clearly  de- 
scribed by  Warren  Upham  who  says : 

"The  areas  of  till  have  everywhere  a  very  productive  dark  soil,  a  foot  or  more 
in  depth,  in  which  the  proportion  of  bowlders  and  gravel  is  usually  not  so  great 
as  to  hinder  plowing.  This  soil  is  readily  permeable  to  rains,  and  in  dry  seasons 
gradually  yields  its  moisture  to  growing  crops,  so  that  they  are  rarely  or  never 
harmed  by  the  moderate  droughts  which  occasionally  occur  in  summer.  Gentle 
slopes  and  good  natural  drainage  generally  permit  early  sowing  and  planting,  and 
the  season  of  growth  between  the  latest  frosts  of  spring  and  the  first  in  autumn  is 
usually  about  four  months,  permitting  a  great  variety  of  farm  crops  to  be  well 
matured  and  ripened.  Only  small  parts  of  the  till  areas,  consisting  of  morainic 
ridges  and  hills,  have  too  abundant  boulders  and  too  steep  slopes  to  be  available  for 
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cultivation;  and  these  tracts,  when  cleared,  are  suitable  for  pasturage.  Hay  is  a 
natural  product  of  the  district,  for  portions  of  many  of  the  streams  are  bordered 
bgr  moist  lands  from  a  few  rods  to  a  half  mile  in  width,  bearing  a  luxuriant  growth 
of  tall  meadow  grasses,  which  make  one  to  two  tons  of  hay  per  acre.  Many  of 
the  swamps  now  inclosed  by  higher  ground  are  capable  of  drainage  by  ditches  and 
will  then  rank  as  the  most  valuable  farming  land."^ 

There  is  a  sandy  plain  covering  from  50  to  60  square  miles  Ijring  north 
of  Mille  Lacs  Lake  in  Tps.  45  and  46  N.  and  Rs.  25,  26,  and  27  W.  on 
which  numerous  farms  have  been  developed.  The  water  table  is  very 
near  the  surface  so  that  the  crops  are  seldom  seriously  affected  by  drought. 
The  soil,  however,  is  much  lighter  than  on  neighboring  till  plains  to  the 
east.  Another  sandy  area  of  a  few  square  miles  is  f otmd  at  the  extreme 
end  of  the  Superior  lobe  in  Tp.  45,  Rs.  23  and  24W.  Aside  from  this  the 
area  occupied  by  the*  Superior  lobe  in  Aitkin  County  is  nearly  all  clayey 
till ;  under  present  conditions  much  of  it  is  wet  and  swampy,  but  may  be 
largely  reclaimed  by  ditching.  Along  the  borders  of  the  Mississippi, 
from  the  northern  end  of  the  county  to  where  the  stream  leaves  it  on 
the  west,  farms  have  been  developed.  The  soil  is  usually  somewhat  sandy 
but  is  underlain  to  some  extent  by  a  Ifine  lake  silt  that  was  deposited  in 
the  bed  of  Lake  Aitkin.  This  soil  is,  on  the  whole,  as  productive  as  the 
till  areas,  and  has  the  advantage  of  being  nearly  free  from  stones.  The 
extensive  swamps  bordering  the  Mississippi  are  rapidly  changed  into  pro- 
ductive farm  land  when  the  surplus  water  has  been  removed  by  ditching. 

The  estimates  of  percentages  of  classes  of  land  in  the  table  below  are 
necessarily  only  rudely  approximate  in  the  present  sparsely  settled  con- 
dition of  the  county,  and,  as  noted  above,  the  percentage  of  swamp  land 
will  be  very  greatly  reduced  with  only  a  moderate  amotmt  of  ditching 
as  soon  as  the  land  is  cleared  and  the  obstructions  removed  from  the 
natural  drainage. 

Percentages  of  Classes  of  Land 

SQoare  Percent 

milca  of  coimtj 

Moraines  chiefly  with  stony  to  sandy  loam  soil 464  23  50 

Till  plains  chiefly  with  clay  loam  soil 357  i8*oo 

Sandy  pUdns   121  6.10 

Lakes   »s  1040 

Swamps  and  marshes  and  muskegs 828  42.00 


i>975  100.00 

According  to  the  census  of  1910  only  15  per  cent  of  Aitkin  County  was 
in  farms,  and  only  one  fifth  of  this,  or  3  per  cent  of  the  coimty,  was  im- 
proved land.    Com  and  oats  are  the  leading  cereals  and  potatoes  the 
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leading  v^etable.  Hay  and  forage  form  the  principal  crop  on  the  farms, 
and  in  addition  to  this  there  is  much  wild  grass  put  up  as  hay.  Straw- 
berries and  raspberries  are  important  small  fruits.  Apples  and  plums 
are  grown  successfully  as  orchard  fruits.  The  prominent  hills  and  ridges 
in  the  moraines  have  a  topographic  condition  favorable  for  the  growth  of 
orchard  fruits,  since  they  often  escape  the  frosts  that  affect  the  lower 
lands  arotmd  them ;  but  as  yet  very  little  use  has  been  made  of  them  for 
orchards. 

CARLTON  COUNTY 

Carlton  County  is  located  at  the  southwest  end  of  the  Lake  Superior 
basin,  south  of  the  western  part  of  St.  Louis  County.  It  has  an  area  of 
867  square  miles.  The  eastern  portion,  comprising  less  than  half  of  the 
county,  is  tributary  to  Lake  Superior,  the  western  part  being  tributary 
to  the  Mississippi,  partly  through  the  Kettle  River  southward  into  the  St. 
Croix  and  thence  to  the  Mississippi  at  Hastings,  and  partly  through 
Prairie  River  directly  westward  into  the  Mississippi  in  Aitkin  County. 
Glacial  Lake  Duluth,  which  occupied  the  western  portion  of  the  Superior 
basin,  covered  fully  150  square  miles  in  the  southeast  part  of  the  county, 
chiefly  in  the  basin  of  the  Nemadji  River.  The  St.  Louis  River  enters 
the  area  that  was  covered  by  Lake  Duluth  at  Carlton  and  nms  near  the 
north  edge  of  that  lake  area  to  Lake  Superior. 

This  county  was  covered  by  the  Superior  ice  lobe,  except  a  few  square 
miles  in  the  northwest  comer  in  which  both  the  Patrician  and  Keewatin 
drifts  are  exposed.  The  moraines  of  the  Superior  lobe  run  from  north- 
east to  southwest  across  the  portion  of  the  cotmty  lying  north  of  the  axis 
of  the  Superior  lobe  and  the  bed  of  Lake  Duluth.  The  moraines  south  of 
the  basin  and  bed  of  Lake  Duluth  have  a  nearly  east  to  west  trend  in 
southern  Carlton  and  northern  Pine  counties.  The  morainic  areas  oc- 
cupy about  one  third  of  tlie  surface  of  the  county,  not  including  extensive 
areas  of  outwash  associated  with  them,  which,  together  with  the  lines 
of  glacial  drainage  embrace  nearly  one  eighth  of  the  county.  It  is  thought 
that  some  of  the  more  prominent  moraines  along  the  north  side  of  the 
Lake  Duluth. area  have  a  nucleus  of  Patrician  drift  of  morainic  char- 
acter. The  trend  of  the  moraines  of  the  Patrician  ice  sheet  here  is  very 
similar  to  that  of  the  moraines  of  the  Superior  lobe,  but  the  ice  laid  on 
the  northwest  side  of  the  Patrician  moraines,  or  directly  opposite  the 
position  which  the  Superior  lobe  presented  to  its  moraines  in  this  par- 
ticular district.  The  Patrician  ice,  however,  had  melted  away  from  its 
moraines  before  the  Superior  ice  advanced  over  them. 

There  are  extensive  till  plains  in  the  western  half  of  the  county  cov- 
ering over  200  square  miles.    There  are  also  extensive  swamps  in  that 
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portion,  chiefly  among  the  morainic  areas,  but  also  to  some  extent  among 
the  till  plains.  Rock  ledges  are  exposed  chiefly  along  the  valley  of  St. 
Louis  River,  and  along  Moose  River  below  Bamum,  there  being  only 
occasional  outcrops  of  a  few  acres  in  a  place  elsewhere.  There  are  rela- 
tively few  lakes  and  their  combined  area  is  estimated  to  be  but  9^  square 
miles; 

The  greater  part  of  this  county  has  a  rich  soil  of  clay  loam  and  sandy 
loam,  and  bowlders  are  seldom  so  nimierous  as  to  greatly  interfere  with 
the  cultivation  of  the  land.  A  compact  clay  occupies  much  of  the  bed 
of  Lake  Duluth. 

The  United  States  Bureau  of  Soils  has  prepared  a  map  and  descrip- 
tion of  several  townships  in  the  northeast  part  of  the  county  and  of 
the  neighboring  part  of  St.  Louis  County,  Minnesota,  and  Douglas  Coun- 
ty, Wisconsin.  In  this  the  area  covered  by  Lake  Duluth  is  largely  classed 
as  Superior  clay.  The  sandier  portions  on  the  northwest  border  of  the 
lake  are  classed  in  part  as  Superior  silt  loam,  in  part  as  Miami  sandy 
loam,  and  in  part  as  Miami  flne  sand.  The  morainic  areas  are  classed 
chiefly  as  Miami  stony  loam,  though  areas  in  the  vicinity  of  Bamum  are 
designated  as  Bamum  stony  loam,  and  Bamtmi  loam,  and  those  near 
Sawyer  as  Miami  sandy  loam.  The  areas  of  outwash  are  largely  classed 
as  Miami  sand,  but  they  also  embrace  parts  of  the  Miami  sandy  loam. 
.  They  include  also  the  Miami  gravelly  sandy  loam  found  extensively  from 
Cloquet  southward  to  Otter  Creek,  and  part  of  the  Bamiun  stony  loam 
from  Atkinson  to  Mahtowa.  The  area  mapped  as  Miami  gravelly  sandy 
loam  north  of  Cloquet  is  very  different  from  that  south.  It  is  a  morainic 
area  while  that  south  of  Cloquet  is  outwash.  Reference  may  be  made 
to  the  report  on  this  area  published  as  a  part  of  the  Annual  Report  of  the 
Bureau  of  Soils  for  1905  for  descriptions  of  the  soils  and  their  agricul- 
tural possibilities. 

The  following  table  presents  the  percentages  of  classes  of  land  as 
determined  on  the  geologic  basis.  Owing  to  the  lack  of  roads  in  certain 
parts  of  the  county  where  settlements  have  not  yet  reached  the  estimates 
are  necessarily  only  rudely  approximate. 

Percentages  of  Classes  of  Land  in  Carlton  County 

Square  Per  cent 

miles  of  county 

Morainic  areas  outside  Lake  Duluth  chiefly  sandy  and  stony 

loam    •. 273  31.50 

Watcrlaid  moraines  in  Lake  Duluth 26  3.00 

Till  plains,  clay  loam  to  sandy  loam 212  2440 

Gravelly  and  sandy  outwash  and  glacial  drainage 102  11.80 

Sandy  plains  in  Lake  Duluth 20  2.30 

Qayey  plains  in  Lake  Duluth in  12.80 
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Rock  ledges  3J4  040 

Lake  areas  954  i.io 

Swamp  lands   no  12.70 

867  100.00 

The  waterlaid  moraines  in  the  bed  of  Lake  Duluth  have  considerable 
expression  for  a  few  miles  west  from  Barker,  the  topography  being  nearly 
as  sharp  as  that  of  landlaid  moraines.  In  the  remainder  of  the  lake  area, 
however,  waterlaid  moraines  are  very  inconspicuous.  They  determine  to 
some  extent  the  course  of  streams  tributary  to  the  Nemadji  River  even 
where  lacking  in  surface  expression. 

The  census  of  1910  reports  21.7  per  cent  of  Carlton  County  to  be  in 
farms,  of  which  22.8  per  cent  is  improved  land.  Oats,  wheat,  and  bar- 
ley arc  the  main  cereal  crops,  rye  and  com  being  grown  in  less  amount. 
Potatoes  are  the  main  vegetable  crop.  Apples  and  plums  are  successful 
orchard  fruits,  and  berries  of  all  kinds  are  found  very  productive.  In 
this  county,  as  well  as  in  other  parts  of  northeastern  Minnesota,  wild  rasp- 
berries are  very  abundant  and  large  numbers  of  the  residents  resort  to  the 
unappropriated  lands  for  them  in  the  berrying  season. 
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SURFACE  FORMATIONS  AND  AGRICULTURAL 

CONDITIONS  OP  THE  SOUTH  HALF 

OF  MINNESOTA 

By  Fkank  Lbvebett  and  Fkedeuck  W.  Sardbson 

INTRODUCTION 
By  W.  H.  Emmons 

Soil  is  the  loose  unconsolidated  material  which  nearly  everywhere 
covers  the  surface  of  the  earth  and  in  which  plant  life  may  be  maintained. 
It  is  made  up  of  finely  divided  rock  in  which  decaying  vegetable  matter 
and  animal  matter  are  mingled.  A  soil  is  generally  in  a  state  of  change. 
It  is  being  washed  little  by  little  to  the  creeks  and  rivers  which  carry  it 
to  the  sea,  where  it  often  forms  delta  deposits ;  if  no  new  soil  formed, 
hard  rock  would  finally  be  e3q>osed  instead  of  the  loose  plant-producing 
soiL  But  rocks  at  and  near  the  surface  are  continually  changing  and 
new  soil  is  being  formed  from  the  underlying  rock  or  from  loose  clayey 
or  gravelly  material  that  may  constitute  the  subsoil,  or  from  bowldery 
material  that  at  many  places  in  Minnesota  lies  between  the  hard  rock 
and  the  soil 

Water  and  air  attack  rock  matter  and  break  it  down.  Heat  and  cold, 
freezing  and  thawing,  shatter  the  rocks  and  give  plants  an  opportimity 
to  send  roots  into  the  cracks  that  are  formed,  and  these,  prying  the  rocks 
apart,  reduce  them  to  particles  of  still  smaller  size.  Even  the  hard  solid 
rocks  are  ultimately  broken  down;  a  building  of  good  solid  stone  may 
crumble  in  a  few  hundred  years,  especially  in  a  moist  climate. 

Some  of  the  rocky  matter  is  dissolved  by  the  water  and  carried  to  the 
sea  in  solution.  It  is  such  dissolved  material  that  makes  water  'liard'' 
and  that  gathers  in  the  bottom  of  a  vessel  when  water  is  boiled.  But 
not  all  of  the  soluble  substances  are  dissolved  and  carried  away;  some 
remain  in  the  soil,  and  the  character  of  the  soil  depends  largely  upon 
these.  Some  soils  are  acid  because  they  have  not  enough  lime.  Some 
are  deficient  in  potash  or  phosphates,  which  are  necessary  if  soil  is  to 
produce  certain  crops  satisfactorily. 

Because  it  forms  the  soil,  the  composition  of  the  tmderlying  material 
is  of  great  importance.  In  Minnesota  most  of  the  soil  is  the  weathered 
portion  of  glacial  drift  or  of  lake  beds  and  other  features  connected  with 
the  deposition  of  the  drift.  Long  ago  nearly  all  of  what  is  now  the  state 
of  Minnesota  was  covered  over  with  a  great  ice  sheet  himdreds  of  feet 
thick  that  slowly  moved  down  from  the  Canadian  highland  carrying  with 
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it  rocky  material  which  it  had  gathered  in  the  north.  When  the  ice 
melted  it  left  large  quantities  of  rock  and  soil  that  had  mingled  with 
the  ice,  and  this  material  is  the  loose  drift  that  lies  between  the  hard 
rock  and  the  surface.  At  many  places  where  it  is  not  yet  disint^jated 
it  appears  as  large  numbers  of  bowlders  mixed  with  day.  Although  the 
ice  sheet  moved  very  slowly,  perhaps  not  more  than  a  few  rods  a  year 
or  even  less,  it  was  active  for  a  long  period  and  locally  it  scoured  the 
cotmtry  dean  of  soil  and  loose  material  whidi,  on  melting,  it  piled  up 
somewhere  else. 

This  statement  of  the  origin  of  the  loose  material  or  drift  is  not 
speculation,  but  is  substantiated  by  the  most  convincing  facts.  The  de- 
posits and  all  of  the  features  of  the  country  formerly  covered  with  ice 
are  like  those  that  may  now  be  observed  in  Greenland  or  Antarctica, 
where  the  slowly  moving  ice  fidds  or  gladers  still  cover  bodies  of  land 
of  continental  proportions.  Gladal  bowlders,  bowlder  day,  scratches  cm 
the  rocks,  morainal  hills  and  kettles,  all  ordered  with  respect  to  definite 
features  of  the  former  ice  sheet,  may  be  seen  at  thousands  of  places  in 
Minnesota. 

The  ice  sheet  covered  the  entire  state  of  Minnesota  except  the  south- 
eastern comer,  embracing  Houston  County  and  the  eastern  part  of 
Winona  County.  This  territory  is  in  the  driftless  area.  The  higher 
country  within  the  driftless  area  is  covered  with  a  residuary  day  formed 
during  the  long  period  when  the  rock  was  undergoing  decay.  Above  this 
there  is  generally  a  covering  of  wind-blown  silt-loam,  or  loess,  which 
increases  the  productivity  of  the  soil. 

The  advance  of  the  ice  toward  the  south  was  not  a  single  isolated 
invasion.  There  were  warm  periods  during  the  glacial  epoch  when  the 
ice  mdted  much  faster  than  it  advanced,  and  when  the  edge  of  the  ice 
retreated  far  to  the  north.  Probably  the  entire  ice  cap  was  mdted 
several  times  during  the  long  period  of  the  ice  invasions. 

During  the  intervals  when  the  country  was  free  from  ice,  rock  decay 
or  weathering  went  on  much  as  at  present.  Later  the  succeeding  ice 
sheets  covered  the  larger  portions  of  these  weathered  surfaces,  within  the 
gladated  r^on.  The  later  ice  sheets,  however,  did  not  cover  exactly  the 
same  areas  that  were  covered  by  preceding  ones.  In  places  the  deposits 
left  by  older  ice  sheets  project  beyond  the  edges  of  the  deposits  left  bv 
later  ones.  One  may  distinguish  between  them  by  the  difference  in  the 
amotmts  of  their  decay  and  in  some  cases  by  differences  in  their  material 
and  in  the  character  of  the  topography  of  their  surfaces.  Where  deposits 
of  one  sheet  are  covered  by  those  of  a  later  one,  the  older  drift  sheet 
may  be  revealed  where  streams  cut  through  the  later  one  or  where  ex- 
cavations penetrate  it.    At  some  places  an  andent  soil  formed  by  rock 
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decay  and  carrying  the  remains  of  ancient  v^etation  marks  the  contact 
between  the  older  and  the  yotmger  drift.  The  botmdaries  of  the  drifts 
of  various  ages  and  the  character  of  the  soils  formed  by  them  are  dis- 
cussed on  pages  that  follow. 

Swamps  are  very  numerous  in  Minnesota.  They  are  portions  of  the 
old  lake  beds  and  other  poorly  drained  areas  and  are  of  little  value  for 
agriculture  tmtil  drained.  Since  the  ice  melted  a  growth  of  v^;etation 
has  been  established  on  them  and  great  thicknesses  of  partially  decayed 
v^^tion  have  accumulated  in  them.  This  forms  the  peat  which  is 
found  in  so  many  of  the  swamps.  Some  of  it  is  very  thick  and  will 
doubtless  become  a  valuable  asset  in  the  future  when  other  fuels  shall 
have  become  more  costly. 

The  great  productivity  of  Minnesota  soils  is  due,  not  only  to  their 
recent  origin  by  reason  of  which  nearly  all  of  them  still  contain  the 
soluble  mineral  foods  for  plants,  but  also  to  a  favorable  climate.  The 
low  temperatures  which  frequently  prevail  during  certain  periods  in 
winter  make  for  healthful  conditions  for  animal  life  and  they  also  benefit 
plant  life.  The  rainfall,  though  not  excessively  great,  is  sufficient  and, 
since  most  of  it  occurs  during  the  growing  period,  drouths  are  rare  and 
crop  failures  almost  unknown  except  in  the  more  sandy  soils,  which  are, 
however,  adapted  to  quick-growing  crops  like  potatoes.  As  shown  herein, 
the  length  of  the  crop-growing  season,  that  is,  the  time  between  late  spring 
frosts  and  early  autumn  frosts,  is  between  100  and  170  days  for  all 
except  the  extreme  northeast  comer  of  the  state.  The  long  days,  high 
proportion  of  sunshine,  and  the  moderate  humidity  are  all  favorable  to 
plant  gro¥^. 

This  bulletin  treats  the  soils  of  only  the  south  half  of  Minnesota. 
The  field  embraced  includes  the  part  of  the  state  south  from  the  median 
line,  which  is  near  latitude  46®  25'. 

Following  the  plan  in  Bulletin  No.  12,  on  Northwestern  Minnesota, 
a  brief  general  description  of  the  surface  features  and  deposits  of  the 
entire  state  is  given,  and  the  climate  of  the  entire  state  also  is  discussed. 
It  will  be  followed  by  a  report  on  the  entire  state,  the  field  work  for  which 
already  has  been  completed.  The  work  has  been  done  in  accordance  with 
the  agreement  for  cooperation  between  the  United  States  Geological  Sur- 
vey and  the  Minnesota  Geological  Survey,  entered  into,  March,  1912.  By 
this  agreement  the  services  of  Mr.  Frank  Leverett  were  secured  for  sur- 
veying the  surface  formations  and  soils.  Mr.  Leverett  has  been  engaged 
since  1886,  or  thirty-two  years,  in  studying  the  surface  geology  of  the 
Great  Lakes  r^on  and  because  of  his  large  experience  in  the  greater 
area  he  was  particularly  well  prepared  to  tmdertake  the  studies  in  Minne- 
sota.   He  has  spent,  moreover,  considerable  time  in  the  state  studying  its 
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physiography  in  connection  with  the  preparation  of  a  monograph  for  the 
United  States  Geological  Survey.  Since  the  reorganization  of  the  State 
Survey,  the  salary  of  Mr.  Leverett  has  been  met  by  the  United  States 
Geological  Survey,  while  the  greater  part  of  his  expenses  have  been  paid 
by  the  State  Survey;  The  State  Survey  has  provided  also  for  this  work 
•the  services  and  expenses  of  Professor  F.  W.  Sardeson,  who  has  assisted 
in  this  work  for  five  seasons.  We  wish  to  acknowledge  the  generous 
assistance  of  the  Division  of  Soils  of  the  Department  of  Agriculture  of 
the  University  of  Minnesota  and  of  the  United  States  Bureau  of  Soils. 
The  valuable  contributions  to  the  knowledge  of  the  surface  formations 
of  Minnesota  by  the  Minnesota  Geological  and  Natural  History  Survey, 
tmder  the  direction  of  Professor  N.  H.  Winchdl,  particular^  those  of 
Mr.  Warren  Upham  of  that  survey,  have  aided  greatly  in  the  prepara- 
tion of  this  report.  The  section  on  climatic  conditions  in  Minnesota  has 
been  generously  contributed  without  any  cost  to  the  Survey  by  Mr.  U.  G. 
Purssell,  Director  of  the  Minnesota  Section  of  the  United  States  Weather 
Bureau.  In  the  preparation  of  the  maps  and  other  data  showing  dates 
of  killing  frosts,  lengths  of  growing  season,  rainfall,  etc.  Professor  C  J. 
Posey  has  rendered  efficient  service. 

The  cost  of  preparation  of  this  report  has  been  met  by  the  Minne- 
sota Geological  Survey  and  the  United  States  Geological  Survey.  This 
bulletin  is  printed  by  the  Minnesota  Geological  Survey.  Arrangements 
have  been  made  so  that  land  and  colonization  companies  can  secure  these 
reports  at  actual  cost  of  printing,  and  it  is  expected  that  this  arrange- 
ment will  secure  a  wide  distribution.  The  maps  are  not  intended  to  be 
used  as  a  basis  for  the  purchase  of  land ;  they  do  not  give  an  accurate 
description  of  each  forty-acre  tract  or  each  section,  but  they  show  the 
general  classification  of  the  land,  its  climate,  and  its  surroundings. 
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CHAPTER  I 

PHYSICAL  FEATURES  OF  MINNESOTA 
TOPOGRAPHY  OF  MINNESOTA 

GENERAL  STATEMENT 

The  position  of  Minnesota  is  near  the  center  of  the  North  American 
Continent,  and  the  state  embraces  an  area  of  84,682  square  miles,  of 
which  about  93  per  cent  is  land  and  7  per  cent  water.  Its  extreme  length 
is  nearly  400  miles,  from  latitude  43**  30',  at  the  Iowa  line,  to  a  point 
about  23  miles  north  of  the  49th  parallel,  in  the  projection  known  as  the 
Northwest  Angle,  northwest  of  Lake  of  the  Woods.  The  greatest  width 
is  367  miles,  but  the  average  width  is  only  about  225  miles,  or  but  little 
more  than  half  of  the  length. 

Minnesota  presents  more  variety  in  surface  features  than  most  of 
the  north  central  states,  yet  a  great  part  of  its  surface  is  level  or  only 
gently  undulating.    The  flattest  portion  falls  laxgdy  in  the  northwest 
quarter,  and  was  once  the  bed  of  the  glacial  Lake  A|^siz,  a  lake  held  in 
on  the  north,  in  central  Canada,  by  the  great  ice  sheet    The  roughest 
portion  is  in  the  northeastern  quarter.    This  part  is  composed  laigdy  of 
volcanic  formations  and  iron-bearing  rocks  which,  though  glaciated,  were 
not  everywhere  buried  beneath  the  glacial  deposits.    In  the  southeastern 
part  of  tiie  state  deep  erosion  valleys  along  the  Mississippi  and  its  tribu- 
taries present  bold  rock  bluffs  300  to  600  feet  high.    The  interior  and 
southern  parts  of  the  state  have  features  due  almost  entirely  to  the  work 
of  the  great  ice  sheets,  which  at  successive  times,  and  from  different 
directions,  overspread  Minnesota.     The  glacial  deposits  comprise  an 
intricate  sjrstem  of  moraines  with  undulating  to  hilly  surface,  associated 
with  whidi  are  level  outwash  plains  of  sand  and  gravel,  and  gently  un- 
dulating intermorainic  till  plains.    The  moraines  were  formed  along  the 
border  of  the  ice  at  definite  lines  where  the  edge  of  the  ice  held  its  position 
for  a  relatively  long  time.    They  consist  of  sharp  knolls  and  inclosed 
basins  and  also  of  more  or  less  parallel  ridges  which,  however,  interlock 
in  places.    These  moraines  are  distributed  in  rudely  concentric  systems 
which  mark  successive  positions  of  the  border  of  each  ice  sheet  as  it 
was  melting  off  from  this  r^on.    The  outwash  plains  lie  on  the  outer 
border  of  the  moraines,  where  sandy  gravel  was  spread  out  by  dirt-laden 
waters  escaping  from  the  ice.    The  till  plains  lie  along  the  inner  or  ice- 
ward  border  of  the  moraines  and  represent  areas  over  which  the  ice 
border  melted  back  somewhat  rapidly,  forming  relatively  few  knolls 
and  ridges. 
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ALTITUDE 

The  altitude  of  Minnesota  ranges  from  602  feet,  the  level  of  Lake 
Superior,  up  to  2,230  feet,  on  high  rock  hills  in  the  northeast  part  of  the 
state,  in  western  Cook  Q>unty.  The  small  map.  Figure  i,  shows  that  a 
large  part  of  the  state  falls  between  1,000  and  1,500  feet.  The  average 
altitude  of  the  state  is  not  far  from  1,200  feet  The  portions  above  1,500 
feet  lie  chiefly  in  two  areas,  one  at  the  northeast  and  one  at  the  southwest 
comer  of  the  state,  though  there  is  a  good  sized  area  arotmd  the  sources 
of  the  Mississippi  River  in  the  western  part,  and  several  smaller  areas  in 
that  vicinity;  one  of  these  in  the  southern  part  of  Otter  Tail  Cotmty  is 
known  as  the  Leaf  Hills.  The  altitude  of  the  elevated  area  in  the  south- 
western part  falls  short  a  little  of  readiingf  2,000  feet,  but  that  in  the 
northeastern  part  includes  several  small  areas,  chiefly  in  Cook  Cotmty, 
that  rise  above  2,000  feet  The  portions  below  1,000  feet  fall  in  two  areas 
widely  separated  except  for  a  connecting  line  along  the  Minnesota  val- 
ley, one  being  on  the  western  edge  of  the  state  and  the  other  on  the 
eastern.    There  is  also  a  narrow  strip  bordering  Lake  Superior. 


The  most  conspicuous  relief  is  found  in  the  ''Sawtooth  Range''  and 
other  prominent  ridges  that  closely  border  Lake  Superior  and  which 
rise  abruptly  from  500  to  900  feet  above  the  lake.  The  rock  ranges 
lying  back  from  the  shore,  though  more  elevated  than  those  fronting 
on  the  lake,  seldom  rise  more  than  from  200  to  300  feet  above  the 
swamps  and  lakes  among  them.  In  fact  several  of  the  lakes  of  Cook 
Coimty  are  above  1,900  feet  or  within  300  feet  of  the  level  of  the  highest 
points  in  the  state.  The  most  prominent  part  of  the  Mesabi  Iron  Range 
in  St.  Louis  County  rises  from  400  to  450  feet  above  bordering  plains. 
The  Coteau  des  Prairies  rises  about  700  feet  above  the  plain  northeast 
of  its  border,  but  in  Minnesota  the  rise  is  usually  spread  over  a  space  of 
from  12  to  15  miles  or  more  in  width,  so  that  the  elevation  can  scarcely 
be  appreciated  by  one  crossing  over  it.  There  is  a  rather  rapid  rise  of 
from  300  to  500  feet  to  the  sharp  range  of  hills  in  Otter  Tail  and  Becker 
counties  from  the  Red  River  valley.  This  rise  is  of  especial  interest 
since  it  seems  to  have  some  influence  on  the  rainfall,  the  precipitation 
being  greater  in  these  hills  where  air  currents  are  forced  upward  and 
cooled  than  in  the  bordering  lower  lands  to  the  north,  west,  and  south. 

DSAINAGS 

The  drainage  of  Minnesota  is  widely  divergent,  part  of  it  leading  to 
the  Gulf  of  Mexico,  part  to  the  Gulf  of  St  Lawrence,  and  part  to  Hud- 
son Bay.  The  Gulf  of  Mexico  receives  about  57  per  cent,  the  St.  Law- 
rence less  than  9  per  cent,  and  Hudson  Bay  f  uUy  34  per  cent  of  the  drain- 
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age.  There  was  a  time,  however,  after  the  glacial  ice  had  melted  from 
Mimiesota  but  was  still  occupying  the  northeast  part  of  the  Superior 
basin  and  neighboring  parts  of  Ontario  and  Manitoba,  when  all  the  drain- 
age was  southward  to  the  Gulf  of  Mexico.  The  western  Superior  basin 
then  overflowed  into  the  St.  Croix  River,  while  the  Red  River  drainage 
basin,  largely  covered  by  Lake  Agassiz,  drained  southward  through  lakes 
Traverse  and  Big  Stone  into  the  Minnesota  valley. 

The  drainage  to  the  south,  or  Gulf  of  Mexico,  has  generally  a  gentle 
descent,  and  waterfalls  are  rather  rare,  though  the  Mississippi  has  no- 
table falls  at  Minneapolis  and  there  are  one  or  more  falls  or  rapids  on 
several  of  the  tributaries.  The  drainage  to  Lake  Superior  is  generally 
rapid  and  nearly  every  stream  has  several  cascades.  There  is,  however, 
a  wide  area  of  the  upper  St.  Louis  basin  in  which  that  stream  and  its 
tributaries  have  relatively  gentle  descent  for  many  miles.  The  Hudson 
Bay  drainage  has  a  few  rapids  and  waterfalls  in  the  headwater  part  of 
Rainy  River  and  its  tributaries,  but  Red  River  and  its  main  Minnesota 
affluent,  Red  Lake  River,  have  no  falls  since  no  outcrops  of  solid  rock 
occur  along  them.  There  is,  however,  very  rapid  descent  for  a  few  miles 
along  Red  Lake  River  and  its  tributary  Qearwater  River  in  Red  Lake 
County.  Red  River  is  subject  to  great  freshets  because  its  lower  course 
often  remains  frozen  after  the  southern  or  headwater  part  has  broken 
up.  Thus  ice  jams  are  formed  which  divert  the  waters  from  the  channel 
over  the  bordering  plain. 

The  streams  of  these  several  drainage  systems  are  interwoven  in 
part  of  the  area,  there  being  no  prominent  dividing  ridges  to  separate 
them.  In  some  cases  a  swamp  may  be  drained  either  to  Hudson  Bay  or 
to  the  Gulf  of  Mexico,  while  other  swamps  may  be  drained  either  to  the 
Mississippi  or  to  Lake  Superior. 

LAKES 

Throughout  much  of  Minnesota,  except  the  northwest,  southwest, 
and  southeast  comers,  small  lakes  are  a  common  feature.  They  usually 
occupy  basins  among  the  moraine  ridges  and  knolls  and  on  the  outwash 
plains,  but  occur  to  some  extent  also  on  the  till  plains  and  among  rock 
knobs.  The  combined  area  of  the  lakes  within  the  state  is  estimated  to 
be  about  5,650  square  miles,  or  nearly  7  per  cent  of  the  entire  area.  The 
laigest  lake  is  Red  Lake,  a  very  shallow  body  of  water  with  an  area  of 
440  square  miles.  Other  large  lakes  are  Mille  Lacs,  also  very  shallow. 
Leech,  Winnibigoshish,  and  Minnetonka.  Minnetonka  and  the  southern 
part  of  Leech  Lake  extend  into  a  network  of  deep  depressions  among 
morainic  ridges,  but  the  other  lakes  are  largely  in  plains  that  are  slightly 
below  the  neighboring  districts,  partly  morainic  and  partly  plain. 
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EXPLANATORY  NOTE,  FIGURE  I 

This  map  shows  the  great  extent  of  land  in  Minnesota  standing  between  i,ooo 
and  1,500  feet  above  sea  level,  as  well  as  the  distribution  of  the  higher  areas  and 
of  areas  standing  below  i,ooo  feet 

It  shows  also  the  effect  of  low  areas  in  favoring  the  movement  of  the  latest 
invasion  of  ice  from  the  north,  that  which  deposited  the  young  gray  Keewatin 
drift,  as  well  as  the  effect  of  the  high  areas  in  checking  the  movement  The  great 
axial  movement  of  the  ice  was  through  the  low-lying  Red  River  basin,  much  of 
which  is  below  i,ooo  feet,  and  thence  down  the  Minnesota  valley  to  the  great  bend 
at  Mankato  over  a  plain  much  of  which  is  below  i,ioo  feet  The  thumb-like  off- 
shoot of  the  ice,  in  a  lobe  extending  from  Wright  and  Hennepin  counties  north- 
eastward across  Anoka,  Isanti,  and  Chisago  counties,  into  the  edge  of  Wisconsin, 
was  apparently  induced  by  an  exceptionally  low  area,  largely  below  i,ooo  feet, 
over  which  it  passed.  In  northern  Minnesota  the  ice  passed  over  the  relatively  low 
land,  1,200  to  1,300  feet,  along  and  near  the  Mississippi  River  in  Cass  and  Itasca 
counties,  into  the  St  Louis  River  basin  in  St  Louis  County,  and  down  the  Missis- 
sippi in  Aitkin  County;  but  it  was  so  checked  by  higher  land,  1,500  to  1,750  feet,  in 
Qearwater,  Becker,  and  Hubbard  counties,  that  it  could  there  reach  only  south- 
eastern Hubbard  and  neighboring  parts  of  Cass  and  Wadena  counties.  The  Mesabi 
Range  also  held  the  ice  border  back  nearly  to  the  western  edge  of  St  Louis  County 
while  it  pushed  eastward  some  distance  in  St  Louis  County,  both  north  and  south 
of  the  range. 

The  topography  also  influenced  ice  movement  in  the  northeast  part  of  the 
state.  There  was  a  strong  movement  of  ice  southwestward  throus^  the  Superior 
basin,  with  its  northwest  border  only  a  few  miles  back  from  the  shore  on  the 
high  land,  much  of  which  stands  1,500  feet  or  more  above  the  sea.  This  high  land 
was  largely  covered  by  ice  moving  southward  from  the  neighboring  part  of  Canada. 
The  relations  of  this  ice  movement  to  that  in  the  Superior  basin,  as  well  as  to  that 
which  covered  western  Minnesota  is  set  forth  in  the  discussion  of  the  glacial  deposits. 
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SURFACE  GEOLOGY 
ROCX  AREAS 

The  areas  in  which  rock  is  so  exposed  as  to  render  the  land  untillaUe 
are  largely  in  the  northeast  quarter  of  the  state,  or  along  valleys  in  the 
southeast  quarter.  The  northwest  quarter  is  estimated  to  have  less  than 
lo  square  miles  of  bare  rock  outcrop,  and  the  southwest  scarcely  lOO 
square  miles.  It  is  doubtful  if  there  is  an  area  of  i,ooo  square  miles 
in  the  entire  state  in  which  the  plow  would  generally  strike  into  rock 
ledges.  The  rock  areas  thus  form  a  much  smaller  percentage  of  the 
state  than  the  lake  areas.  The  rock  areas  of  the  northeast  part  are  chiefly 
rock  bosses  standing  above  the  surrounding  land,  but  the  beds  of  the 
streams  that  lead  directly  down  to  Lake  Superior  are  also  usually  on  rock 
ledges.  Among  the  rock  knobs  are  some  depressions  covered  only  with 
moss  and  peaty  material,  glacial  material  being  scanty,  but  ordinarily 
some  glacial  material  is  present  and  nearly  aU  the  land  has  soil  enough 
over  the  bedrock  to  support  a  rich  forest  growth.  Many  of  the  knobs 
preserve  the  smooth  surface  left  by  the  scouring  effect  of  the  ice  sheet  and 
are  nearly  destitute  of  v^^etation.  But  certain  others  have  become  disin- 
tegrated to  a  depth  of  several  inches  or  even  to  several  feet  from  the  sur- 
face and  are  supporting  growths  of  vegetation  of  considerable  density. 

The  rock  areas  of  the  southwest  part  of  the  state  are  largely  of  Sioux 
quartzite  which  in  places  comes  to  the  surface  over  areas  of  several  square 
miles.  The  rocks  have  scarcely  enough  soil  over  them  to  support  the 
scanty  vegetation.  There  are  a  few  small  areas  of  granite  knobs  along 
the  Minnesota  valley  from  Big  Stone  Lake  down  to  New  Ulm.  In  the 
driftless  area  and  part  of  the  drift-covered  area  in  southeastern  Minne- 
sota, rock  ledges  of  limestone  and  sandstone  outcrop  along  the  steq> 
slopes  of  the  valleys,  often  forming  walls  of  considerable  height.  Rock 
is  rarely  exposed  along  the  stream  beds  and  valley  bottoms.  The  uplands 
and  the  higher  parts  of  the  slopes  of  the  valleys  even  in  the  driftless  area 
usually  have  several  feet  of  residuary  day  and  also  a  coating  of  loess  or 
wind-deposited  silt  loam  covering  the  rock  formations  and  rendering  the 
land  tiUable. 

THE  EARTHY  MANTLE 
GEKESAL  STATEMENT 

The  variety  of  earthy,  sandy,  and  gravelly  tmconsolidated  deposits 
which  cover  the  rocky  floor  of  Minnesota  were  formed  or  deposited  by 
different  agencies  and  at  different  times.  They  may  be  grouped  as  fol- 
lows : 
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First  Residuary  material. 
Second.  Wind  deposits. 
Third.  Glacial  deposits. 
Fourth.  Stream  deposits. 
Fifth.  Lake  deposits. 

BBSIDUAXY  ICATIBZAL 

The  residuary  material,  as  its  name  implies,  has  been  left  as  a  residue 
during  the  brealdng  down  or  decay  of  the  surface  rocks  through  weather- 
ing and  solution.  On  limestones  it  is  usually  a  dark,  reddish  brown, 
gummy  day,  but  on  sandstones  and  crystalline  rocks  it  is  usually  granu- 
lar and  loose-textured.  There  is  but  a  small  part  of  Minnesota,  chiefly 
in  the  southeastern  counties,  where  residuary  material  is  within  readi 
of  the  plow.  It  occurs  there  on  the  upper  part  of  the  slopes  of  the  val- 
leys and  on  the  narrow  upland  strips  between  valleys,  but  it  is  usually  cov- 
ered by  loess. 


Loess. — The  wind-deposited  material  known  as  loess  is  largely  a  fine 
silt  loam,  which  forms  the  surface  in  an  area  in  the  southeast  part  of 
the  state  embracing  much  of  Goodhue,  Olmsted,  Wabasha,  Winona,  Fill- 
more, and  Houston  counties  and  parts  of  Mower,  Dodge,  Rice,  and  Da- 
kota counties.  It  covers  a  small  tract  in  the  southwest  part  of  the  state. 
In  the  southeastern  counties  it  rests  in  part  on  glacial  drift  deposits  and 
in  part  on  the  residuary  day  and  rock  formaticms  of  the  driftless  area. 
In  the  southwestern  part  it  covers  glacial  deposits.  In  the  southeast  dis- 
trict its  border  is  very  irr^^tdar,  there  being  long  strips  of  loess-covered 
land  projectmg  westward  or  northwestward  into  the  r^on  free  from 
loess,  and  also  long  strips  free  from  loess  extending  eastward  into  the 
loess-covered  tracts.  The  condition  there  is  such  as  might  result  from 
the  presence  or  absence  of  v^;etation  giving  different  degrees  of  protec- 
tive power  from  the  wind ;  areas  with  dense  v^fetation  being  able  to  hold 
dust  that  settled  from  the  atmosphere  while  bare  ones  allowed  it  to  be 
gathered  up  and  carried  on. 

Wind-blown  sand. — ^Wind-blown  sand  is  also  an  important  deposit. 
It  embraces  a  district  east  of  the  Mississippi  from  Minneapolis  up  to 
Brainerd.  It  is  narrow  above  St  Qoud,  but  bdow  that  dty  extends  east- 
ward to  the  St  Croix  River.  The  sand  does  not,  however,  cover  the  en- 
tire surface  in  this  area.  Where  present  it  rests  upon  glacial  deposits. 
It  has  low  ridges  sddom  20  feet  and  usually  10  feet  or  less  in  height 
There  is  more  or  less  wind-drifted  sand  in  the  sandy  parts  of  the  St. 
Louis  River  drainage  basin,  but  it  is  sparingly  devdoped  compared  to 
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that  in  the  district  between  the  Mississippi  and  St.  Croix  rivers.  Wind- 
blown sand  occurs  also  in  Aitkin  County  in  the  vicinity  of  McGregor  and 
also  in  the  northeastern  part  of  the  county  in  island-like  tracts  that  are 
surrounded  by  marshes.  There  are  numerous  small  areas  of  such  sand 
scattered  over  the  state,  some  of  them  being  along  the  shores  of  the  glacial 
Lake  Agassiz. 

GLACIAL  DEPOSITS 

The  glacial  deposits  as  shown  in  Figure  2  extend  over  the  entire  state 
except  eastern  Winona  County  and  the  greater  part  of  Houston  County, 
which  are  in  the  driftless  area  of  the  upper  Mississippi.  They  underlie 
the  wind-deposited  sands  and  much  of  the  loess  area.  They  also  underlie 
stream  deposits  and  lake  sediments.  The  glacial  deposits  are  separable 
into  till  or  bowlder  clay  in  which  stones,  clay,  and  sand  are  closely  com- 
mingled; and  into  sand  or  gravel  beds  which  show  some  assorting  and 
bedding  by  water  action.  The  percentage  of  stony  material  varies  greatly 
and  the  matrix  also  shows  variations  from  compact  clay  to  loose  sand. 
These  variations  are  to  be  expected  in  a  deposit  that  had  been  formed 
from  the  dirt  and  stones  included  in  an  ice  sheet  Every  observing  farmer 
has  probably  noted  and  perhaps  speculated  upon  the  cause  for  these  varia- 
tions in  the  drift  deposits  which  form  the  basis  for  so  large  a  part  of  the 
Minnesota  soil  The  assorted  sand  and  gravel  beds  are  largely  due  to 
waters  escaping  from  the  melting  ice  and  many  of  them  may  be  traced 
up  to  a  moraine  which  marked  the  position  of  the  ice  border  at  the  time 
they  were  laid  down.  They  show  a  decrease  in  coarseness  in  passing 
away  from  the  edge  of  the  moraine,  the  coarse  material  having  been 
dropped  dose  to  the  edge  of  the  ice  and  only  the  fine  carried  to  a  great 
distance  outside. 

The  glacial  deposits  also  show  some  variations  that  relate  to  the  kind 
of  rock  formations  over  which  the  ice  passed.  Thus,  the  northeastern 
portion  of  the  state  has  a  rather  stony  drift  from  the  volcanic  and  hard 
crystalline  rocks  of  that  r^on.  This  stony  material  was  carried  as  far 
south  as  Dakota  County  and  forms  the  red  drift  of  eastern  and  north- 
eastern Minnesota.  As  indicated  below,  the  red  drift  is  the  product  of 
more  than  one  ice  sheet.  The  western  and  southern  parts  of  the  state 
have  a  large  amount  of  clayey  drift  material  with  limestone  pebbles  im- 
bedded. This  material  was  gathered  by  this  ice  as  it  passed  in  its  south- 
ward course  from  the  shales  and  limestone  of  southern  Manitoba,  into 
the  area  of  granite  and  other  crystalline  rocks.  These  clayey  and  limy 
deposits  form  what  is  known  as  the  gray  drift  of  Minnesota,  and  the 
ice  sheet  which  formed  it,  as  the  Keewatin  ice  sheet. 
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81XBAM  DEPOSITS 

The  stream  deposits,  being  restricted  to  the  valleys,  are  of  limited 
area,  though  in  such  valleys  as  the  Minnesota  and  Mississippi  they  are 
locally  several  miles  in  width  and  form  important  agricultural  belts.  On 
the  Minnesota  and  the  part  of  the  Mississippi  below  the  confluence  with 
the  Minnesota  the  deposits  made  by  the  rivers  are  sand  or  silt  On  the 
Mississippi  above  the  mouth  of  the  Minnesota  the  deposits  range  from 
sand  to  coarse  cobble  and  bowlders  in  correspondence  with  the  swiftness 
of  the  stream.  On  nearly  all  the  tributaries  of  the  Mississippi  and  Min- 
nesota the  streams  are  able  to  carry  coarse  as  well  as  fine  material  Along 
the  Red  River  a  considerable  amount  of  fine  clay  and  day  loam  has  been 
deposited  in  seasons  of  flood  on  the  plains  outside  the  immediate  river 
channel  The  deposits  made  by  glacial  streams  or  those  which  had  their 
sources  at  the  edge  of  the  ice  and  were  receiving  much  of  their  water  from 
the  melting  ice,  now  appear  usually  as  terraces  along  the  valleys  above  the 
limits  of  floods.  From  the  fact  that  the  glacial  rivers  were  of  greater 
volume  these  deposits  are  generally  composed  of  sandy  and  gravelly 
material  somewhat  coarser  than  that  carried  by  the  present  rivers. 

LAKE  DEPOSITS 

The  lake  dq)Osit8  consist  of  fine  sediments  washed  into  the  deep  parts 
of  the  lakes,  and  sandy  and  pebbly  deposits  washed  up  and  formed  into 
beaches  along  the  shores.  In  parts  of  the  lakes  where  the  glacial  deposits 
which  they  covered  were  pebbly  and  the  water  was  shallow  enough  for 
wave  action,  there  was  a  concentration  of  stony  material  by  the  washing- 
out  of  the  finer  material.  By  this  process  considerable  areas  of  the  bed 
of  Lake  Agassiz  were  covered  by  very  pebbly  beds  several  inches  in 
depth.  They  are  classed  on  the  soil  maps  as  "lake-washed  till/*  In  the 
narrow  strip  along  the  shore  of  Lake  Superior  that  was  covered  by  the 
waters  of  a  glacial  lake  known  as  Lake  Duluth,  there  is  very  little  fine 
sediment;  gravelly  and  cobbly  beaches  were  formed  at  several  succes- 
sive levels,  while  fine  material  was  washed  down  into  the  deeper  parts  of 
the  basin  covered  by  the  present  lake.  Fine  material  also  covers  the  old 
lake  plain  in  Carlton  Cotmty  and  a  strip  on  the  south  side  of  Lake  Su- 
perior. 

THE  GLACIAL  FEATURES  AND  THEIR  HISTORY 

It  has  been  found  through  a  study  of  the  deposits  in  Minnesota  and 
neighboring  states  that  the  glacial  deposits  which  form  so  extensive  a 
mantle  in  Minnesota  are  the  result  of  more  than  one  invasion  of  the 
ice  from  the  Canadian  highlands.  At  each  invasion  the  ice  left  a  deposit 
of  drift  gathered  partly  from  Canada  and  partly  from  the  deposits  over 
which  it  passed  in  Minnesota.    The  advances  were  so  widely  separated 
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in  time  tbat  the  drift  dq)osit8  of  one  invasion  had  large  valleys  cut  in 
them  by  the  action  of  streams  before  the  next  invasion  occurred.  The 
later  advances  failed  to  reach  the  limits  of  the  earlier  deposits,  so  tfa^ 
are  still  exposed  to  view,  and  the  dq^ree  of  erosion  of  the  surface  of  the 
older  can  be  compared  with  that  on  the  surface  of  the  younger  deposits. 
It  is  found  that  the  older  drifts  have  been  so  greatly  eroded  and  are  so 
ramified  by  drainage  lines  that  no  lakes  or  undrained  basins  remain  on 
them,  while  the  younger  drift  dq)osits  have  numerous  lakes  and  un- 
drained basins  and  also  large,  poorly  drained  areas  which  the  streams 
have  not  yet  reached.  It  is  because  they  are  not  covered  by  the  latest 
drift  that  Rock  and  Pipestone  counties  in  southwestern  Minnesota,  and 
Goodhue,  Dodge,  Wabasha,  Olmsted,  Winona,  Fillmore,  and  Mower 
counties  in  southeastern  Minnesota  have  no  lakes  and  basins  such  as 
characterize  neighboring  counties  that  were  covered  by  that  drift 

The  invasicms  of  the  ice  into  Minnesota  not  only  took  place  at  dif- 
ferent times,  but  have  come  from  more  than  one  direction  at  about  the 
same  time.  In  the  earlier  invasions  the  greater  part  of  the  state  was 
covered  by  ice  coming  from  Manitoba  as  shown  by  limestone  fragments 
and  pebbles  derived  from  rock  formations  of  that  country  which  are  im- 
bedded in  the  lower  part  of  the  drift  over  all  of  the  state  except  its  north- 
east part  The  movements  in  the  closing  stage  of  the  glacial  epoch  were 
more  largely  from  the  northeast,  but  more  than  half  of  the  state  was 
invaded  from  the  northwest  The  ice  sheets  were  as  follows:  i.  The 
Superior  lobe  of  the  Labrador  ice  sheet,  an  extension  of  ice  southwest- 
ward  from  the  Superior  basin  nearly  to  Mille  Lacs  Lake;  2.  The  Par- 
trician  ice  sheet,  with  southward  movement  from  the  highlands  north  of 
Lake  Superior  across  eastern  Minnesota  to  points  a  little  beyond  St  Paul ; 
3.  The  Keewatin  ice  sheet,  which  moved  southward  through  Manitoba 
and  across  western  Minnesota.  After  the  melting  away  of  the  ice  that 
came  from  the  northern  highlands,  the  Keewatin  ice  sheet  extended  over 
some  of  the  ground  that  ice  had  vacated.  It  crossed  the  Mesabi  Range 
into  the  St  Louis  basin,  and  also  moved  northeastward  from  near  Min- 
neapolis into  Wisconsin.  This  advance  over  earlier  drift  deposits  is 
known  from  the  presence  of  a  thin  deposit  of  clayey  and  limy  drift  con- 
taining rock  material  brought  from  Manitoba  which  covers  the  drift  that 
was  deposited  by  ice  coming  from  the  highlands  northwest  of  Lake  Su- 
perior. The  drift  from  these  highlands  together  with  that  from  the  Lake 
Superior  basin  forms  the  stony  red  drift  of  eastern  Minnesota,  while  that 
from  Manitoba  forms  the  clayey  and  limy  gray  drift  which  covers  almost 
aU  of  the  remainder  of  the  state. 

That  the  ice  mass  moved  in  different  directions  at  different  times  in 
certain  parts  of  the  state  is  further  shown  by  striations  or  ice  markings 
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on  the  surfaces  of  the  rock  ledges.  In  the  district  east  and  south  of  the 
Lake  of  the  Woods  a  set  of  gkicial  grooves  or  ice  markings  bears  west 
of  south,  while  a  newer  set  crosses  them  in  an  eastward  or  southeast- 
ward direction.  The  older  set  was  formed  by  ice  moving  into  Minnesota 
from  the  highlands  that  lie  between  Lake  Superior  and  Lake  Winnip^, 
while  the  younger  set  was  formed  by  ice  moving  into  the  state  from 
Manitoba.  In  North  Minneapolis  there  are  rock  ledges  on  which  the 
glacial  grooves  have  three  courses ;  first,  a  southeastward  course  at  the 
time  when  the  old  gray  drift  which  came  from  the  northwest  was  brought 
in ;  second,  a  southward  course  at  a  time  when  the  red  drift  which  came 
from  the  north  was  deposited;  third,  an  eastward  course  at  the  time 
when  the  ice  from  the  northwest  advanced  over  land  that  had  been 
vacated  by  the  ice  which  dq>osited  the  red  drift 

GLACIAL  LAKE  FBATUKX8 

Minnesota  contains  parts  of  the  beds  of  two  large  gktcial  lakes:  Lake 
Duluth,  which  occupied  the  western  part  of  the  Superior  basin,  and  Lake 
Agassiz  which  occupied  the  Red  River  basin.  lidce  Duluth  covered  a 
narrow  strip  along  the  shore  of  Lake  Superior  and  extended  a  few  miles 
beyond  the  west  end  of  Lake  Superior  into  eastern  Carlton  County,  Min- 
nesota. Its  highest  stages  were  500  to  700  feet  above  the  present  surface 
of  Lake  Superior,  there  being  an  increasing  height  toward  the  northeast 
comer  of  the  state.  Lake  Agassiz  extended  as  far  south  as  Lake  Trav- 
erse, and  thence  it  discharged  past  Brown  Valley  to  the  Minnesota.  Its 
border  is  only  from  20  to  30  miles  east  from  the  North  Dakota-Miimesota 
line  from  Lake  Traverse  northward  to  Polk  County.  About  20  miles 
east-southeast  of  Crookston  it  makes  an  abrupt  eastward  turn  and  con- 
tinues eastward  past  the  south  side  of  Red  Lake  and  on  across  Koochi- 
ching County  into  St.  Louis  County  as  far  as  the  valley  of  little  Fork 
River.  It  then  turns  northward  and  enters  Canada  from  northeastern 
St.  Louis  County.  There  were  several  islands  in  it  in  northern  St  Louis 
County. 

Preceding  the  development  of  the  large  glacial  Lake  Agassiz  there 
was  a  temporary  ponding  of  waters  in  front  of  the  ice  in  Koochiching, 
Itasca,  and  St.  Louis  counties  at  a  level  higher  than  that  of  Lake  Agassiz, 
and  a  discharge  of  the  waters  southward  across  the  Mesabi  Iron  Range 
into  the  St.  Louis  basin  along  the  course  of  the  Embarrass  River.  With 
the  melting  back  of  the  ice  border  this  lake  becagie  merged  with  Lake 
Agassiz,  and  its  waters  then  discharged  into  the  Minnesota  valley. 

In  the  Crow  Wing  drainage  basin  a  glacial  lake,  Lake  Wadena,  cov- 
ering much  of  Wadena  County,  and  parts  of  Hubbard,  Cass,  Morrison, 
and  Todd  counties,  was  held  up  by  the  Patrician  ice  sheet,  which  covered 
the  lower  course  of  Crow  Wing  River  below  Pillager.    Its  outlet  was 
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southward  from  Long  Prairie  to  the  Sauk  River  drainage.  Outwash 
plains  near  Pillager  terminate  abruptly  at  the  edge  of  this  lake  at  an  alti- 
tude of  about  1,300  feet,  or  nearly  150  feet  above  the  adjacent  part  of 
the  plain  cm  Crow  Wing  River  that  was  covered  by  the  lake  (see  Pillager 
topographic  map).  This  was  the  deepest  part  of  the  lake.  In  much  of 
its  area  the  waters  were  very  shallow.  This  lake  area  was  later  en- 
croadied  upon  by  the  Keewatin  ice  sheet,  so  its  shore  lines  are  obliterated 
except  along  the  eastern  side.  Its  outlet  has  also  been  filled  by  gravel 
deposits  from  the  Keewatin  ice  sheet  for  a  few  miles  south  from  Long 
Prairie. 

There  were  also  two  noteworthy  temporary  lakes  in  northeastern 
Minnesota  which  were  not  held  up  by  ice  barriers,  but  instead  by  land 
barriers  along  their  outlets.  When  tiiese  were  cut  away  the  lakes  be- 
came drained.  One  of  these,  named  Lake  Aitkin  by  Upham,  occupied 
the  plain  bordering  the  Mississippi  in  Aitkin  County  and  extended  a 
short  distance  into  eastern  Crow  Wing  County.  It  was  drained  by  the 
erosion  of  the  Mississippi  valley  at  its  lower  end  just  above  Brainerd. 
The  other  lake,  named  Lake  Upham  by  Windiell,  occupied  a  consider- 
able part  of  the  St.  Louis  basin  in  western  St  Louis  County.  It  was 
drained  by  the  erosion  of  the  St  Louis  valley  below  Floodwood. 

Prominent  features  of  the  two  great  glacial  lakes,  Lake  Agassiz  and 
Lake  Duluth,  are  the  beaches  or  ridges  of  sand  and  gravel  washed  up 
along  their  shores.  The  shores  of  Lake  Agassiz  stand  high  and  dry  above 
the  flat  parts  of  the  lake  bed  between  or  below  them  and  form  excellent 
lines  for  highways.  For  this  reason  much  of  the  pioneer  settlement  and 
travel  was  along  these  ridges.  They  generally  stand  from  5  to  10  feet 
above  the  bordering  plains  and  occasionally  from  15  to  20  feet  On  the 
inner  or  lakeward  side  they  are  generally  more  prominent  than  on  the 
outer  or  landward  side.  This  is  due  in  part  to  the  original  slope  toward 
the  center  of  the  lake,  but  there  is  also  a  tendency  for  a  lake  to  eat  back 
into  the  bordering  land  and  throw  its  coarser  material  up  on  the  edge  of 
the  plain  outside ;  at  the  same  time  the  fine  material  is  carried  in  sus- 
pension from  the  shore  into  the  deeper  water. 

The  levels  of  these  glacial  lakes  were  lowered  from  time  to  time, 
partly  by  the  cutting-down  of  the  outlets  and  partly  by  an  uplift  of  this 
r^ion  which  caused  the  water  to  fall  away  where  the  land  rose.  There 
was  also  a  change  of  outlet  in  Lake  Agassiz  from  the  southern  end  to 
the  northern  and  in  Lake  Duluth  from  the  southward  outlet  into  the 
St  Croix  River  to  an  eastward  outlet  into  the  Lake  Huron  basin.  As 
a  result  shore  lines  were  formed  at  various  levels  on  the  slopes  of  the 
old  lake  beds.  Because  of  the  gradual  lowering  of  the  water  level  the 
greater  part  of  the  beds  of  these  glacial  lakes  has  at  some  time  been 
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subjected  to  wave  action.  This  has  produced  a  widespread  pebbly  coat- 
ing which  is  a  concentrate  from  the  washing  of  the  surface  of  the  bowl- 
der day  and  the  carrying<«way  of  its  finer  materiaL  Where  the  bowlder 
clay  was  sandy,  the  sand  as  well  as  stones  remain,  but  where  it  was  clayey 
there  is  often  a  dear  bed  of  pebbles  a  few  inches  in  depth  covering  the 
clayey  tiU  subsoiL  The  deep  part  of  Lake  Agassiz  along  the  borders 
of  Red  River  recdved  nearly  all  the  fine  sediment  which  was  washed 
out  from  the  till  at  higher  levels.  This  forms  the  bulk  of  the  ridi  black 
day  and  clay  loam  of  the  Red  River  basin.  At  its  eastern  border,  fifteen 
to  twenty-five  miles  from  Red  River,  there  is  a  transition  to  sand.  This 
is  succeeded  within  two  to  five  miles  east  by  stony  sandy  deposits  which 
seem  to  be  a  gladal  material  worked  over  by  the  lake. 

GENERAL  SOIL  CONDITIONS 

Soil  is  composed  of  materials  derived  from  the  subsoil  and  mixed  with 
organic  matter.  Subsoil  is  the  weathered  and  disintegrated  top  of  the 
underlying  geological  formation.  For  its  qualities  and  composition  the 
soil  of  a  given  r^on  therefore  depends  quite  dosdy  upon  the  nature 
of  the  geological  formations  there  exposed.  In  Minnesota  the  land 
mantle  of  glacial  and  lake  deposits  affords  a  well-mixed  and  rich  supply 
of  materials  suited  for  soil-making.  This  is  particularly  true  where  it 
consists  of  till  or  bowlder  clay  in  which  all  classes  of  material  are  loosdy 
but  thoroughly  mixed.  This  contrasts  with  soils  in  which  there  is  too 
much  uniformity  and  which,  when  of  water-washed  sand  or  gravd,  are 
often  defident  in  fine  material.  On  the  other  hand,  the  loess  and  the 
lake  silts,  though  of  somewhat  uniform  texture,  make  rich  soils  because 
of  the  variety  of  finely  divided  minerals  which  they  contain. 

The  soil  and  its  productiveness  depend  largdy  upon  the  drainage  con- 
ditions. A  soil  of  clay  or  clay  loam  over  gravel  or  loose  sand  suffers 
in  time  of  deficient  rainfall,  while  in  wet  seasons  a  soil  resting  upon  heavy 
day  may  be  drowned  out  tmless  surface  drainage  is  perfectly  adjusted. 
For  this  reason  the  geologic  formation  underlying  a  soil  is  of  great  im- 
portance. Soil  underlaid  by  limestone,  by  loess,  or  by  a  till  consisting  of 
a  light  clay,  or  a  heavy  loam  will  stand  great  variation  in  rainfall  and 
still  be  highly  productive.  In  some  parts  of  the  state  the  surface  drain- 
age is  naturally  well  developed,  while  in  other  parts  it  needs  to  be  greatly 
supplemented  by  tile  draining  or  surface  ditching. 

In  the  Drif tless  Area  the  drainage  on  the  uplands  is  everywhere  com- 
plete, for  nearly  every  acre  slopes  toward  some  drainage  line.  In  the 
old  drift  also  there  are  few  undrained  areas  and  tiling  or  surface  ditdiing 
is  sddom  necessary.  In  the  young  drift  there  are  many  basins,  and  un- 
drained depressions  and  drainage  lines  are  not  well  distributed  over  the 
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surface.  Excq^t,  therefore,  where  the  material  is  loose  enough  for  the 
rainfall  to  be  absorbed  completely  the  young  drift  areas  need  consider- 
able ditching  and  tiling.  In  the  bed  of  Lake  Agassiz,  although  basins  and 
depressions  are  rare,  there  are  wide  areas  where  the  surface  is  very  flat 
and  extensive  and  systematic  tiling  or  ditching  is  required  to  keep  the 
land  from  being  flooded. 

VEGBTATICN 

The  condition  of  the  soil  depends  to  some  dqpree  upon  the  character 
of  the  v^etation  which  has  covered  it.  In  prairie  districts  there  is  a 
more  uniform  exposure  to  weathering  agencies  than  in  forested  districts 
and  consequently  a  more  uniform  soil  is  developed  on  a  given  deposit. 
On  the  whole,  leaching  of  lime  seems  to  be  less  rapid  on  prairies  than 
in  forests  so  that  in  the  newer  drift  limestones  are  often  present  at  the 
surface  in  prairies,  but  in  the  forested  areas  limestones  are  usually  dis- 
solved out  to  a  depth  of  some  inches  and  often  to  some  feet  from  the 
surface.  On  the  older  drift  the  limestone  is  generally  removed  to  a 
depth  of  several  feet  both  in  prairie  and  forest,  but  the  leaching  is  per- 
ceptibly deeper  in  the  forested  areas.  The  rate  of  erosion  and  removal  of 
soil  is  more  uniform  in  prairie  than  in  forested  tracts.  It  takes  more 
force  to  dislodge  the  trees  than  the  grassy  v^etation  on  hillside  slopes, 
and  erosion  in  the  forests  is  likely  to  become  concentrated  in  occasional 
gullies,  whereas  on  prairies  there  are  many  small  channels  developed  on 
every  hillside  which  serve  to  break  it  down  rapidly.  On  the  whole,  there- 
fore, erosion  is  greater  but  leaching  is  less  in  prairie  than  in  forested 
areas. 

The  forests  occur  only  on  protected  slopes  in  much  of  southern  Min- 
nesota and  are  absent  from  such  slopes  in  much  of  the  western  part  of 
the  state  (Figure  3).  In  the  central  and  northeastern  parts  they  cover 
plains  or  uplands  as  well  as  valley  slopes.  The  muskegs,  whidi  have 
a  scanty  forest  growth,  are  developed  chiefly  in  the  northern  half  of  the 
state  and  chiefly  within  the  forested  area. 

WEATHERING 

There  are  parts  of  the  newer  drift  in  which  fresh  material  is  dose 
to  the  surface  so  that  they  can  scarcely  be  said  to  have  a  subsoil  different 
from  the  drift  sheet  as  a  whole.  There  are  also  places  on  valley  slopes 
in  the  older  drift  where  unweathered  material  is  close  to  the  surface,  be- 
cause erosion  keeps  pace  with  the  weathering  of  the  drift.  At  most 
places,  however,  the  older  drift  has  a  mantle  of  weathered  material  sev- 
eral feet  in  thickness,  while  that  of  the  younger  drift  is  only  one  or  two 
feet  thick.  In  this  the  feldspar  and  other  minerals  are  disintegrated  and 
made  ready  for  plant  food. 
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FIGUSB  3.     MAP  OP  lONNBSOTA  SHOWING  DISTBIBUTION  OP  FOIBST  AND  FKAISZE.     (aPTER 
MAP  BY  WASSEN  UPHAM  AND  BY  FKEDEBIC  K.  BXnTEftS) 
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Weathering  in  the  loess-covered  areas  is  moderately  deep,  as  it  is  in 
the  older  drift.  The  entire  deposit  of  loess,  however,  is  of  fine  texture 
and  is  found  to  be  very  fertile  from  top  to  bottom. 

LIME 

While  most  of  the  soils  of  the  northwestern  part  of  the  state  seem 
abundantly  supplied  with  lime,  it  is  probable  that  some  of  the  more  sandy 
ones  would  give  a  sufficiently  greater  yield  of  certain  crops  to  make  it 
profitable  to  purchase  some  form  of  lime  if  this  could  be  obtained  at  a 
low  price.  Usually  when  a  soil  needs  lime,  it  is  advisable  to  apply  one 
ton  or  more  of  ground  limestone  or  marl  per  acre.  If  this  has  to  be 
shipped  any  considerable  distance,  the  freight  charges  may  greatly  exceed 
the  cost  of  the  material  on  board  of  the  cars  at  the  point  of  ^ipment 
For  this  reason  it  is  important  to  locate  a  supply  as  near  as  possible  to 
the  place  where  it  is  to  be  ttsed. 

lime  occurs  abundantly  in  two  forms  in  Minnesota:  as  bog-lime  or 
marl,  and  as  limestone.  The  marl  is  tmconsolidated  and  easily  pulverized. 
It  needs  no  crushing  or  grinding.  Limestone  is  consolidated  and  must 
be  crushed  or  ground  for  use  on  fields. 

Marl  is  fotmd  in  Minnesota  in  many  lakes  and  under  some  bogs  that 
have  been  lakes.  It  is  of  most  frequent  occurrence  in  the  central  and 
north  central  part  of  the  state.  It  lies  always  in  low  wet  ground  and 
can  be  found,  as  a  rule,  only  by  boring  or  ditching.  It  is  a  soft,  white 
or  gray,  chalky  material  Since  it  needs  no  crushing  or  grinding,  the 
cost  of  the  marl  is  in  the  finding,  ditching  and  draining,  or  drying  of  it. 
Deposits  from  i  to  lo  feet  in  thickness  and  covering  from  i  to  loo  acres 
are  known  to  be  of  common  occurrence. 

Limestone  formations  outcrop  in  the  bluffs  along  the  Mississippi  and 
its  tributaries  in  southeastern  Minnesota.  The  formations  lie  horizon- 
tally and  are  of  wide  extent,  or  practically  continuous  for  many  miles. 
Limestone  formations  loo  feet  or  more  thick  extend  along  the  valleys 
from  the  southeastern  comer  of  the  state  to  Stillwater,  Minneapolis,  Man- 
kato,  Austin,  and  intermediate  points.  An  inexhattstible  supply  of  lime- 
stone is  easily  found  in  outcrops  that  are  high,  so  that  quarrying,  crush- 
ing, and  loa(Ung  can  all  be  done  in  a  down-hill  direction,  the  cost  of  pro- 
duction being  thereby  lessened. 

EFFECT  OF  FIXES 

There  are  large  areas  in  Minnesota  which  have  been  swq)t  by  forest 
fires,  and  these  fires  have  destroyed  much  of  the  accumulated  leaf  mold. 
In  sandy  areas  the  destruction  of  the  leaf  mold  may  have  reduced  some- 
what the  productiveness  of  the  land,  for  the  leaf  mold  acts  as  a  mulch 
to  prevent  the  drying  out  of  the  soil.    But  in  clayey  areas  there  seems  to 
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have  been  very  little  reduction  of  the  fertility.  The  leaf  mold  in  such 
places^  however,  when  turned  under  has  a  beneficial  effect  in  loosening 
the  stiff  clay.  A  large  area  of  clay  land  in  the  Little  Fork  drainage  basin 
in  St  Louis  and  southeastern  Koochiching  counties  was  burned  over  some 
fifty  or  more  years  ago,  according  to  statements  of  the  Indians,  and  the 
leaf  mold  was  almost  completely  destroyed.  A  heavy  growth  of  poplar 
has  sprung  up  on  the  drier  parts  instead  of  the  mixed  hardwood  that  had 
occupied  the  land,  while  the  wet  areas  have  a  fresh  stand  of  spruce. 
This  district  is  being  rapidly  cleared  and  is  producing  exceptionally 
good  crops.  The  forest  fire  near  Hinckley  in  Pine  County,  which 
occurred  about  twenty-five  years  ago,  swept  over  an  area  chiefly  of 
till  much  of  which  is  loose-textured.  This  had  a  similar  effect  in 
changing  the  forest  from  mixed  hardwood  and  pine  to  poplar.  This 
area  is  now  one  of  marked  agricultural  fertility  adapted  to  a  variety 
of  crops.  The  principal  damage  by  fire  in  this  state,  both  past  and  pro- 
spective, seems  to  be  in  the  destruction  of  peat  in  the  bogs.  In  such  cases 
there  is  not  only  the  loss  of  a  valuable  fuel,  but  the  land  is  left  in  a  rough 
state  ill-suited  for  cultivation* 
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CHAPTER  II 

CXIMATIC  CONDITIONS  OF  MINNESOTA 

By  U.  G.  Pukssell 
Direciof  of  the  Minnesota  Section  of  the  United  States  Weather  Bureau 

INTRODUCTION 

The  agriculture  of  any  r^on  is  controlled  by  its  climate.  In  some 
parts  of  the  world  temperature  is  the  main  factor  in  determining  the 
limits  of  growth  of  certain  kinds  of  crops ;  in  others  it  is  rainfall,  and 
in  still  others  it  is  the  amotmt  of  sunshine.  All  of  these  factors  are 
important  in  influencing  the  crop  yield  even  in  districts  where  the  gen- 
eral climatic  conditions  are  satisfactory  for  the  growth  of  plants.  In 
Minnesota  these  elements  are  so  favorable  that  a  majority  of  the  crops 
common  to  the  temperate  zone  may  be  successfully  grown,  and  a  failure 
of  all  the  important  crops  is  very  rare  even  over  a  small  portion  of  the 
state. 

Rainfall  is  an  important  factor  for  most  crops  in  the  state,  because 
the  proper  amount  of  water  in  the  soil  at  the  critical  period  of  develop- 
ment of  the  plant  is  necessary  to  produce  a  large  crop.  The  length  of 
the  growing  season  also  is  important  and  probably  no  other  factor  in 
the  study  of  climate  from  the  standpoint  of  the  agriculturist  should  be 
given  more  consideration.  This  is  the  key  to  an  actual  knowledge  as  to 
the  possibilities  of  success  or  failure  in  the  production  of  crops  since 
in  parts  of  the  state  crops  are  menaced  by  frost  at  some  period  of  their 
growth,  whereas  sunshine  and  moisture  seldom  vary  in  Minnesota  beyond 
safe  limits. 

The  factors  which  determine  the  climate  of  any  area  are  the  relative 
distribution  of  land  and  water,  the  topography  of  the  land  surface,  and 
the  situation  of  the  area  in  question  with  relation  to  the  general  move- 
ment of  the  cyclones  and  anti-cydones. 

The  position  of  Minnesota  at  the  center  of  North  America  gives  it 
a  climate  that  is  largely  continental.  In  continental  climates  the  tem- 
perature extremes  are  greater  and  the  humidity  and  rainfall  generally 
less  than  at  places  near  large  bodies  of  water,  such  as  border  on  the 
Atlantic,  Pacific,  and  Gulf  coasts  of  the  United  States.  The  effect  of 
winds  from  great  bodies  of  water  is  to  equalize  temperatures  of  lands 
near  by  and  to  lengthen  materially  the  crop-growing  season.  This  is  par- 
ticularly true  of  the  cotmtry  in  the  vicinity  of  Lake  Superior,  where 
the  influence  of  that  great  iidand  sea  in  modifying  the  cold  anti-cydones 
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gives  to  that  section  a  more  equable  climate  than  would  otherwise  obtain 
in  that  portion  of  the  state.  The  summer  temperatures  are  likewise 
modified  and  people  from  long  distances  inland  in  steadily  increasing 
numbers  are  establishing  summer  homes  about  the  lake,  to  which  they 
are  attracted  during  the  hot  summer  months.  There  are  more  than 
7,000  small  lakes  scattered  throughout  the  state  and  these  have  a  mate- 
rial local  influence  in  modifying  the  heat  of  summer  and  give  comfort 
to  thousands  of  residents  on  their  shores. 

Monthly  and  annual  reports  of  temperature,  rainfall,  snowfall,  etc., 
have  been  published  for  a  large  number  of  r^;ular  and  cooperative  sta- 
tions in  Minnesota  since  1895.  Recently  three  special  section  reports 
have  been  issued  by  the  United  States  Weather  Bureau  giving  monthly 
and  annual  precipitation  totals  for  all  points  in  the  state  with  a  record 
of  ten  years  or  over,  together  with  average  temperatures  and  other  data. 
In  these  reports  the  more  important  facts  from  all  portions  of  the  state 
are  tabulated  and  the  comparative  climatic  conditions  of  the  different  sec- 
tions graphically  shown. 

GENERAL  CLIMATIC   CONDITIONS 

Minnesota  is  in  the  path  of  a  large  proportion  of  the  low-pressure 
areas  which  move  across  the  United  States  from  west  to  east  These 
areas  move  at  an  average  speed  of  600  miles  in  twenty-four  hours  and 
are  preceded  by  southerly  winds  and  higher  temperature  and  followed 
by  northerly  vrinds  and  lower  temperature.  They  are  usually  accom- 
panied by  cloudy  weather  and  precipitation ;  each  storm  earning  an  aver- 
age of  from  one  to  two  rainy  days  as  it  crosses  the.  state. 

As  there  is  an  average  of  almost  two  of  these  storms  each  week  with 
fair  weather  periods  between,  it  follows  that  the  changes  in  weather 
conditions  are  rather  rapid.  One  or  two  days  of  stormy  weather  pre- 
ceded by  fair  weather  and  followed  by  clearing  and  lower  temperatures 
to  be  repeated  in  turn,  make  up  the  usual  routine  for  the  week.  How- 
ever, Minnesota  is  so  far  from  the  coast  that  damaging  ocean  storms 
lose  much  of  their  severity  before  reaching  its  borders. 

The  northwestern  cold  waves  pass  across  the  state  and  send  their 
health-giving  winds  into  all  parts,  and  yet  they  are  frequently  not  so 
severe  as  they  are  in  some  of  the  plains  states  in  the  same  latitude  or 
even  farther  south. 

Temperature. — ^The  average  annual  temperature  of  Minnesota  for  the 
period  1895  to  1913  inclusive,  is  41.7^,  as  shown  in  TaUe  I  and  graph- 
ically by  Figure  4.  The  highest  annual  mean  temperature,  43.9^9  oc- 
curred in  1900,  and  the  lowest,  39.9^,  in  1912.  The  departure  of  the 
average  temperature  of  any  year  from  the  normal  may  readily  be  deter- 
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FIGXJSE  4.      MAP  SHOWING  UEAN  ANNUAL  TEMPERATURES  OF  MINNESOTA 
(degrees  FAHRENHEIT) 
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mined  by  comparing  the  yearly  average  with  the  mean  at  the  foot  of  the 
column. 
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The  coldest  month  is  January,  which  has  a  mean  temperature  of 
10.5^,  although  the  average  for  February  is  only  0.7®  higher.  In  a  great 
many  instances  February  has  averaged  colder  than  the  preceding  January. 
This  condition  occurred  in  the  seven  successive  years  from  1898  to  1904 
inclusive.    Average  January  temperatures  are  plotted  on  Figure  5. 

July  is  the  warmest  month,  with  an  average  temperature  of  69.3**, 
although  in  a  few  years  the  mean  temperature  for  June  or  for  August  is 
higher  than  for  July  of  the  same  year.  Average  July  temperatures  are 
plotted  on  Figure  6. 

The  highest  summer  mean,  70.0®,  occurred  in  1900  and  1901  (Table 
II).    The  coldest  summer  was  that  of  1903,  with  an  average  of  644^. 

The  warmest  crop-growing  season  (April  to  September  inclusive) 
of  the  eighteen  years  under  discussion  was  in  1900,  when  the  average 
was  62.9^,  and  the  coldest  was  in  1907,  with  an  average  of  55.6^. 

The  warmest  winter  (December  to  February  inclusive)  was  in  1907-8, 
when  the  mean  temperature  was  18.5^.  The  coldest  was  in  1903-4,  with 
a  mean  temperature  of  5.5^.  Table  II  shows  also  the  warmest  and  coldest 
ispring  and  autumn. 

In  Figures  7  and  8  are  shown  the  highest  and  lowest  temperatures 
ever  recorded  in  the  various  counties  where  records  have  been  kept 
From  these  figures  it  can  readily  be  seen  that  the  extreme  range  of  tem- 
perature is  from  110°  in  Kandiyohi  County  and  Milan,  to  —59®  at  Leech 
Lake  Dam  and  Pok^[ama  Falls.  Temperatures  above  100^  have  been 
recorded  in  aU  counties  except  those  about  the  headwaters  of  the  Missis- 
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sippi  River,  and  in  the  country  inunediately  bordering  on  Lake  Supe- 
rior. Temperatures  of  — 40°  have  occurred  in  nearly  all  northern  and 
central  comities  and  in  a  few  southern  counties,  but  these  great  extremes 
do  not  occur  frequently. 
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Frosts. — ^Although  frosts  have  occurred  in  some  portions  of  the  state 
every  month  of  the  year,  damaging  temperatures  are  not  to  be  expected 
during  June,  July,  and  August,  and  they  are  comparatively  rare  in  the 
last  half  of  May  and  the  first  half  of  September.  Records  of  ten  or 
more  years  are  available  from  a  large  number  of  places  in  the  state, 
of  which  charts  have  been  constructed  showing  the  average  date  of  the 
last  killing  frost  in  spring  and  the  first  one  in  autumn.  Using  these  dates 
as  boundaries,  we  can  mark  the  average  beginning  and  ending  of  crop 
growth  and  determine  the  average  length  of  the  growing  season.  All  of 
this  information  is  graphically  shown  in  Figures  9,  10,  and  11.  By  refer- 
ence to  Figure  11  the  influence  of  Lake  Superior  in  lengthening  the  crop- 
growing  season  in  its  vicinity  may  be  seen;  while  in  the  same  latitude 
in  the  highlands  of  Hubbard,  Becker,  eastern  Mahnomen,  and  Qearwater 
counties  the  season  is  twenty  to  thirty  days  shorter.  The  longest  season, 
160  days,  obtains  along  the  Mississippi  River  from  Hennepin  County 
to  the  southeastern  comer  of  the  state,  and  the  shortest,  100  days  or  less, 
is  in  the  r^on  of  the  Mesabi  and  Vermilion  Iron  ranges. 
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Precipitation. — ^The  annual  average  precipitation  of  the  state  as  a 
whole  for  a  period  of  nineteen  years,  1896  to  1914  inclusive,  is  27.74 
inches,  and  for  the  crop  season,  April  to  September  inclusive,  for  twenty 
years,  1895  to  1914,  is  20.33  inches.  The  monthly,  seasonal,  and 
annual  averages  for  this  period  are  shown  in  TaUe  IIL  The  year  with 
the  greatest  annual  rainfall  was  1905,  when  the  total  was  33.10  inches. 
The  driest  year  was  1910  with  14.73  inches.  In  that  year  the  rainfall 
during  the  crop-growing  season  was  11.25  inches. 
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Moines  Rivera 

0.50 
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a.  18 
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3.53 
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a.79 
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i.©9 

0.63 
0.84 

a6.is 

Stote 

..,6 

0.7s 

uas 

4.19 

3.5s 
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June  is  the  wettest  month  with  an  average  rainfall  of  4.18  inches, 
and  July  is  next  with  3.79  inches.  The  lowest  monthly  rainfall  is  diat 
of  February  with  an  average  of  0.66  inch.  The  greatest  rainfall  in  one 
month  for  the  state  as  a  whole  was  8.34  inches  in  June,  1914.  The  low- 
est rainfall  for  any  month  was  .05  inch  in  December,  1913. 
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ncUSX  13.     DIAGRAM  SHOWING  COMPARATIVE  MONTHLY  DISTRIBUTION  OT  PRECIPITATION 

IN   MINNESOTA.     LETTERS  INDICATE  MONTHS,  BLACK  COLUMNS  INDICATE 

INCHES  OF  RAINFALL  IN  EACH   MONTH  AT  STATION  NAMED 
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flOUBE    14.     DIAGRAM    SHOWING    MEAN     MONTHLY    RAINFALL       AND    MEAN    MONTBXT 
TEMPERATURE  AT  SEVERAL  STATIONS  IN  MINNESOTA.     MONTHS  ARE  INDICATED  BY 
THEIR  HRST  LETTOS.     THE  GREATEST  RAINFALL  IS  IN  THE  GIOWING  SEASON 
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nCVlB  15.     DIAGRAM   SHOWING  RAINFALL  AND  TEMPBRATUUS   (OBGRSIS  PABStNBUt) 
AT  ST.  PAUL,  MINNESOTA  FROM  18J7-I9I3.     MONTHS  AfE  ^ 

IKDICATBD  BY   THEIR   FIRST  LETTERS 
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40  SURFACE  FORMATIONS  OF  MINNESOTA 

The  geographic  distribution  of  annual  and  monthly  precipitation  is 
graj^cally  shown  in  Figures  12  to  14,  and  for  the  stations  having  ten  or 
more  years  of  record  in  Table  V.  Table  IV  shows  the  monthly  and 
annual  distribution  in  the  various  watersheds.  From  these  illustrations 
it  may  be  seen  that  the  precipitation  is  about  one-fourth  to  one-third 
greater  along  the  eastern  boundary  of  the  state  than  along  the  western 
boundary. 
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Figure  14  makes  an  interesting  comparison  of  monthly  and  annual 
Talues  of  botfi  temperature  and  rainfall  at  certain  selected  representative 
stations. 

SnowfdL — ^The  snowfall  averages  from  24  to  54  inches.  It  is  lightest 
in  the  southwest  portion  of  the  state  and  heaviest  on  the  Mesabi  Iron 
Range.  The  monthly  and  annual  averages  are  shown  in  Table  VI,  ar- 
ranged according  to  sections  and  drainage  districts. 

Winds. — ^The  prevailing  winds  are  from  the  northwest  over  most  of 
the  state.  The  monthly  and  annual  prevailing  directions  are  shown  for 
a  large  group  of  stations  in  Table  VII.  The  average  hourly  wind  ve- 
locity is  shown  for  six  regular  Weather  Bureau  stations  and  three  special 
stations  in  Table  VIII. 
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Relative  humidity. — ^The  average  annual  humidity  for  the  state  is 
83  per  cent  at  7  a.in.  and  72  per  cent  at  7  p.m.  Table  IX  gives  the  monthly 
and  annual  data. 

Number  of  rainy  days. — ^In  Table  X  the  number  of  rainy  days  dm> 
log  each  month  and  the  year  is  given  for  thirty-three  stations  well  dis- 
tributed over  the  state.  The  smallest  number  is  64  at  Lynd,  Lyon  Cotmty, 
and  the  largest  132  days  at  Duluth. 

Sunslme. — ^The  sunshine  is  abundant,  averaging  from  43  to  53  per 
cent  of  the  highest  amount  possible.  The  daylight  hours  are  material^ 
longer  during  the  crop-growing  season  in  the  northern  portion  of  the 
state  than  in  the  southern.  The  greatest  percentage  of  sunshine  is  in 
the  southwestern  portion  and  the  least  in  the  northeastern  part. 
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SURFACE  FORMATIONS  OF  MINNESOTA 
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The  precipitation  in  the  area  embraced  in  the  present  report,  as  shown 
in  Figure  12,  increases  from  northwest  to  southeast,  being  about  25 
indies  in  the  north  west  part  and  over  32  inches  in  the  southeast  Although 
there  is  an  increase  on  approaching  Lake  Superior  the  influence  of  the 
lake  in  increasing  precipitation  near  its  shore  seems  to  be  veiy  slight, 
for  in  parts  of  Minnesota  farther  south  where  there  is  no  lake  influence 
a  similar  increase  in  the  amount  of  precipitation  is  found  in  passing  from 
northwest  to  southeast 
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CHAPTER  III 

AGRICULTURAL  CONDITIONS  AND  LAND  CLASSIFICATION 
IN  THE  SOUTH  HALF  OF  MINNESOTA 

GENERAL  STATEMENT 

The  area  embraced  in  this  report  extends  from  the  median  line  of  the 
state,  about  latitude  46^  25^,  southward  to  the  Iowa  state  line.  It  em- 
braces about  40,000  square  miles,  including  lakes.  It  is  largely  tributary 
to  the  Mississippi  River,  there  being  only  about  3,550  square  miles,  or 
less  than  9  per  cent  drained  by  other  streams.  Of  this,  60  to  70  square 
miles  in  the  northeast  comer  of  Pine  County  drains  northeastward  to 
Lake  Superior;  about  1,840  square  miles  is  tributary  to  Red  River  of 
the  North;  and  1,650  square  miles  is  drained  south  westward  to  the  Mis- 
souri River.  In  the  Mississippi  drainage  about  15,000  square  miles  falls 
within  the  Minnesota  River  watershed,  and  over  21,000  square  miles  in 
the  main  stream  and  other  tributaries  of  the  Mississippi  Part  of  this  is 
drained  by  the  Des  Moines,  Cedar,  and  upper  Iowa  rivers  across  Iowa  to 
the  Mississippi,  while  the  St  Croix  River  flows  along  the  border  of  the 
state  to  its  junction  with  the  Mississippi. 

The  altitude  of  the  south  half  of  tiie  state  has  a  range  of  about  1,350 
feet,  the  lowest  being  615  feet,  at  the  southeast  comer  of  the  state,  and 
the  highest  1,950  to  1,975  feet,  in  high  points  on  the  Coteau  des  Prairies 
in  the  southwest  part  The  average  altitude  is  not  far  from  1,200  feet. 
Only  a  small  part  aside  from  river  valleys  is  below  1,000  feet,  and  only 
a  small  part  above  1,500  feet 

The  average  rainfall  ranges  from  less  than  24  inches,  in  the  western 
part,  to  30  to  32  inches  in  the  eastern  (Figure  12).  The  rainfall  is 
largely  in  the  crop-growing  season,  and  is  usually  su£5cient  for  the  proper 
maturing  of  all  the  crops. 

As  indicated  in  the  discussion  of  the  general  features  of  the  state, 
the  topographic  and  agricultural  conditions  are  quite  varied.  It  may, 
therefore,  be  of  advantage  to  outline  briefly  certain  of  the  characteristics 
of  each  of  the  several  classes  of  land,  b^^inning  with  the  driftless  area, 
and  taking  up  the  several  drifts  and  associated  deposits  in  order  of  their 
age  and  the  alluvial  deposits  of  the  present  streams. 

DRIFTLESS  AEEA 

The  portion  of  Minnesota  falling  within  the  driftless  area  of  the 
upper  Mississippi  valley  is  confined  to  Houston  County  and  the  eastern 
part  of  Winona  County.  In  this  area  the  uplands  have  a  residuary  day 
covering  the  rock  to  a  depth  of  a  few  feet,  above  which  there  is  a  deposit 
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of  wind  borne  silt-loam  (loess)  having  a  depth  of  lo  to  15  feet  or  more. 
This  loess  extends  down  on  the  gentle  slopes  from  the  crests  of  the 
divides  between  the  streams,  leaving  only  the  steeper  part  of  the  slopes 
with  rock  exposed.  This  area  is,  therefore,  rendered  more  productive 
by  the  presence  of  the  deposit  of  loess  which  has  buried  the  less  produc- 
tive residuary  days  beneath  it.  The  steep  parts  of  the  slopes  which  are 
difficult  to  till  are  utilized  to  a  large  d^^ee  for  pasture. 

LOSSS^OVKRSD  PRE-WISCGNSIN  GKAY  DRIFT 

I       Pebbly  border. — For  several  miles  back  from  the  eastern  limits  of 

I  the  old  drift  there  are  usually  only  scattered  pebbles  and  occasional 

f  bowlders  to  mark  the  former  extent  of  glaciation.    The  topography  is 

.  indistinguishable  from  that  of  the  driftless  area,  and  the  glaciation  was 

usually  so  weak  that  the  pr^lacial  residuary  clay  is  still  present  on  the 

I  rock  formation.    A  sheet  of  loess  covers  the  pebbles  to  a  depth  of  10  to 

I  15  feet  or  more,  and  it  is  this  which  gives  the  productiveness  to  the 

j  soil.    A  considerable  part  of  Wabasha  County,  western  Winona  Gnmty, 

'  eastern  Olmsted  County,  eastern  Fillmore  County,  and  western  Houston 

/  County  falls  within  the  limits  of  this  pebble  and  bowlder  area.    Rock 

bluffs  are  about  as  conspicuous  as  in  the  driftless  area,  but  the  valleys 

of  tributaries  of  the  Mississippi  are  narrower  than  on  the  lower  courses 

of  the  streams  in  the  driftless  area  proper. 

Old  gray  tUl  (Kansan). — ^The  loess  overlaps  for  a  few  miles  the  east- 
em  edge  of  heavy  deposits  of  an  old  calcareous  till.  This  was  leached 
to  a  depth  of  several  feet  before  the  deposition  of  the  loess,  and  is  usually 
oxidized  to  a  yellowish  brown  color  to  a  depth  of  15  to  20  feet  When  of 
greater  thickness,  it  retains  the  original  bluish  gray  color.  Eastern  Good- 
hue County,  southwestern  Wabasha  County,  western  Olmsted  County, 
northeastern  Dodge  County,  and  part  of  the  western  half  of  Fillmore 
County,  have  thick  deposits  of  old  drift  beneath  the  loess.  The  loess, 
however,  is  so  heavy  a  deposit  as  a  rule  that  the  crops  are  dependent  upon 
it  rather  than  upon  the  underlying  drift.  The  amount  of  this  drift  is 
sufficient  to  reduce  greatly  the  roughness  of  the  surface. 

There  is  an  area  of  the  old  gray  drift  in  the  southwest  comer  of  the 
state  in  Rock,  Pipestone,  and  Nobles  counties,  of  which  about  170  square 
miles  in  the  extreme  southwest  comer  of  the  state,  were  covered  by  a 
deposit  of  loess  to  several  feet  in  depth,  or  of  sufficient  thickness  to  en- 
tirely sustain  the  crops.  This  gives  place  on  the  north  and  east  somewhat 
abruptly  to  a  thin  coating  of  wind  drifted  silt  a  few  inches  to  2  or  3  feet 
in  depth  which  is  not  included  in  the  area  mapped  as  loess  on  the  map 
of  the  surface  formations  of  Minnesota.  Much  of  the  deposit  is  probably 
derived  from  the  loess,  but  the  silt  is  mixed  to  some  extent  with  sand 
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grains  and  small  pebbles  from  the  underlying  till.  It  appears  to  have 
been  deposited  by  winds  that  were  dragging  the  surface  and  transporting 
coarse  and  fine  grains  gathered  from  bare  or  exposed  surfaces  of  loess 
or  till,  a  process  still  in  operation.  The  typical  loess,  on  the  other  hand, 
is  a  very  uniform  deposit,  such  as  might  result  from  the  settling  of  dust 
which  had  been  held  in  the  atmosphere.  It  is  not  always  feasible  to  draw 
a  definite  line  or  boundary  between  the  deposits,  but  the  map  sets  forth 
the  approximate  extent  of  the  typical  loess. 

The  drift  is  sufficient  in  southwest  Minnesota  to  fill  the  pr^ladal 
valleys,  but  some  of  the  more  prominent  quartzite  ridges  stand  above  the 
general  level  of  this  drift  filling.  Parts  of  these  ridges  are  entirely  bare, 
but  they  seem  likely  to  have  formerly  carried  a  coating  of  drift  which  has 
been  removed  by  erosion,  for  the  glaciated  surfaces  of  the  rocks  fre- 
quently have  the  striae  well  preserved.  This  could  hardly  be  the  case 
if  they  had  been  exposed  to  weathering  ever  since  the  ice  disappeared 
from  this  region.  The  depth  of  leaching  in  this  old  drift  is  much  less 
than  in  southeastern  Minnesota,  being  usually  but  2  to  3  feet  or  even  less. 
The  difference  seems  attributable  in  part  at  least  to  the  smaller  rainfall 
and  a  lesser  amount  of  downward  penetration  of  water  in  southwestern 
Minnesota. 

OLD  GRAY  DRIFT  (KANSAN).  WITH  LITTLE  OR  NO  LOESS  COVER 

Immediately  west  of  the  loess  covered  area  in  southeastern  Minne- 
sota is  an  old  gray  drift  with  little  or  no  silt  cover  over  it,  which  extends 
westward  and  passes  under  the  young  or  Wisconsin  gray  drift  of  south- 
em  Minnesota.  From  the  state  line  northward  across  Mower,  Dodge, 
western  Goodhue,  eastern  Rice,  and  southwestern  Dakota  counties,  it  is 
very  largely  composed  of  clayey  till  which  has  been  leached  of  its  lime 
to  a  depth  of  several  feet,  and  oxidized  to  a  depth  of  about  15  feet,  below 
which  it  retains  the  original  bluish  gray  color.  It  has  been  termed  in 
the  earlier  reports  of  the  Minnesota  Geological  Survey  the  old  gray 
drift.  A  large  part  of  it  appears  to  be  of  Kansan  age,  and  its  surface 
was  greatly  eroded  subsequent  to  the  Kansan  glaciation. 

lOWAN  DRIFT  OVER  KANSAN  DRIFT 

The  southeast  part  of  Minnesota  and  the  northeast  part  of  Iowa 
include  an  area  which  differs  somewhat  from  Kansan  drift  areas  farther 
south.  The  general  depth  of  leaching  is  less  than  in  those  areas,  and  the 
surface  of  the  drift  is  not  so  deeply  reddened  by  oxidation.  The  valleys 
in  this  area  are  in  some  cases  mere  swales  without  definite  bluffs,  and  as 
a  rule  they  are  shallower  than  in  the  Kansan  drift  areas  to  the  south. 
There  are  knolls  on  the  slopes  and  on  the  valley  bottoms,  which  in  some 
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cases  seem  to  have  been  deposited  in  the  form  of  knolls  rather  than  de- 
veloped by  erosion  of  material  around  them.  In  a  few  places  in  north- 
eastern Iowa  an  old  soil,  which  is  thought  by  some  geologists  to  be  at  the 
top  of  the  Kansan  drift,  has  over  it  a  thin  drift  deposit,  usually  5  to  10 
feet  or  less  in  depth. 

These  features  have  led  certain  geologists  to  think  that  a  readvance 
of  ice  into  this  r^on  took  place  at  a  time  between  tfie  Kansan  and  Wis- 
consin stages  of  glaciation.  Opinion  is  divided  as  to  whether  this  read- 
vance took  place  at  the  Illinoian  stage  of  glaciation  or  at  some  later  time 
more  nearly  contemporaneous  with  the  main  loess  deposition.  Pending 
the  solution  of  this  matter,  and  the  full  determination  of  the  significance 
of  the  peculiar  features  just  mentioned,  a  special  name,  lowan,  has  been 
applied  to  it.  Because  of  the  vagueness  of  the  features  the  limits  of  the 
lowan  drift,  or  the  extent  of  lowan  glaciation,  are  matters  on  which 
there  is  wide  difference  of  opinion. 

So  far  as  the  Minnesota  area  has  been  affected  by  such  a  post-Kansan 
glaciation,  the  effect  on  crop  conditions  is  likely  to  be  slight.  There  has 
been,  perhaps,  a  slight  removal  of  the  leached  and-weathered  surface  of 
the  Kansan  drift  in  exposed  situations,  and  redeposition  of  this  material 
in  the  valleys  and  depressions.  The  valleys  of  this  problematical  area 
often  head  in  shallow  draws  or  sloughs  which  are  wet  and  ill-drained, 
but  the  district  is  entirely  free  from  lakes  and,  inclosed  basins  such  as 
abound  in  the  later  or  Wisconsin  drift  region.  Aside  from  the  sloughs 
just  mentioned  the  drainage  is  naturally  good. 

OLD  RED  DRIFT  (ILUNOIAN),  OVER  OLD  GRAY  DRIFT  (KANSAN) 

In  central  and  eastern  Dakota  County,  northern  Goodhue  County, 
and  southeastern  Washington  County,  the  Kansan  or  old  gray  drift  has 
been  covered  by  drift  of  a  somewhat  different  constitution  and  color, 
made  up  largely  of  the  classes  of  rock  found  in  the  red  drift  of  western 
Wisconsin  and  like  that  apparently  deposited  by  ice  from  the  north  or 
northeast.  The  clayey  portions  usually  have  a  red  color  which  is  strik- 
ingly in  contrast  with  the  yellowish  brown  color  of  the  underlying  Kansan 
drift.  It  is  markedly  more  weathered  than  the  red  drift  of  Wisconsin 
age  but  corresponds  in  degree  of  weathering  to  the  Illinoian  drift. 

This  old  red  drift  is  generally  very  stony  and  it  seldom  assumes  a 
clayey  constitution.  It  is  usually  but  a  few  feet  in  depth,  and  scarcely 
makes  a  continuous  cover  over  the  Kansan  drift.  It  includes,  however,  a 
prominent  range  of  gravelly  hills  in  southern  Dakota  County  which  ex- 
tends from  near  Hampton  southeastward  for  several  miles  in  a  strip 
about  2  miles  in  width.  This  line  of  hills  has  the  appearance  of  a  ter- 
minal moraine,  and  there  is  a  somewhat  knoUy  surface  eastward  from  it 
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into  northern  Goodhue  G)unty  and  northward  to  Etter,  which  may  mark 
the  continuation  of  an  ice  border. 

This  old  red  drift  is  an  extensive  outlying  deposit  in  western  Wiscon- 
sin, but  its  exposure  in  Minnesota  seems  confined  to  the  parts  of  the  three 
counties  above  named. 

YOUNG  OR  WISCONSIN  RED  DRIFT  (PATRICIAN  ICE  SHEET) 

The  young  Patrician  red  drift  of  the  eastern  part  of  this  area  has 
been  so  overridden  by  later  deposits  from  the  Superior  lobe  of  the  Lab- 
rador ice  field,  and  those  of  the  Keewatin  ice  field,  that  it  is  exposed  only 
in  detached  areas.  One  of  these  areas  occupies  much  of  Washington  and 
Ramsey  counties  and  the  northern  part  of  Dakota  County.  It  comprises 
moraines  of  considerable  strength  having  a  stony  clayey  till,  the  soil  being 
a  stony  loam.  Associated  with  the  moraines  are  small  outwash  plains 
of  gravel  and  sand  in  the  district  north  of  the  Mississippi  River,  and 
more  extensive  outwash  plains  along  and  south  of  the  Mississippi  River, 
a  considerable  part  of  central  and  northeastern  Dakota  County  being 
occupied  by  these  plains. 

This  strong  system  of  moraines  is  traceable  westward  beneath  the 
young  gray  drift  across  northern  Scott  Cbunty  and  the  district  north  of 
the  Minnesota  valley  in  Carver,  Hennepin,  and  Wright  counties  to  where 
it  emerges  in  Steams  County  on  the  north  side  of  the  Grantsburg  lobe 
of  the  young  gray  drift.  It  runs  thence  northward  across  central  Steams 
and  eastem  Todd  counties,  and  thence  northeastward  across  northwest- 
em  Morrison  County  into  Cass  County,  where  it  passes  beyond  the  limits 
of  the  area  here  discussed.  It  has  been  encroached  upon  slightly  in 
Steams  and  Todd  counties  by  the  later  advance  of  the  Keewatin  ice  field, 
but  a  large  portion  of  it  is  still  exposed  to  view.  It  is  generally  com- 
posed of  a  very  stony  day  with  stony  loam  soiL 

To  the  east  of  this  morainic  system,  occupying  much  of  Morrison, 
Benton,  Mille  Lacs,  Kanabec,  and  Pine  counties,  there  is  a  relatively 
smooth  district  of  the  red  Patrician  drift,  largely  tiU  plain,  but  traversed 
by  a  few  narrow  morainic  ridges  and  including  also  a  few  gravel  ridges 
or  eskers.  The  till  is  a  stony  day  and  often  is  thickly  strewn  with 
bowlders.  The  day,  however,  is  of  suffident  amount  to  give  a  heavier 
soil  than  that  in  the  moraines.  This  is  likdy  to  become  an  important  grass 
growing  area  and  dairy  district.  A  large  part  of  it  is  as  yet  very  poorly 
developed,  for  it  was  occupied  by  a  mixed  coniferous  and  hardwood 
forest  which  was  difficult  to  clear. 

Another  strong  morainic  system  of  the  red  Patrician  drift  sweeps 
around  the  west  and  south  sides  of  Mille  Lacs  Lake  and  runs  eastward 
across  southem  Aitkin  and  northwestem  Pine  counties,  and  there  passes 
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beneath  the  drift  of  the  Superior  lobe  a  few  miles  south  of  the  north 
limits  of  the  area  under  discussion.  This  morainic  system  has  a  width  of 
4  to  8  miles  and  is  composed  largely  of  stony  clayey  till  with  stony  loam 
soil.  Outwash  plains  of  gravel  and  sand  border  it  on  the  west  in  Crow 
Wing  County  and  are  included  among  its  ridges  in  northwestern  Pine 
County. 

North  and  east  of  Mille  Lacs  Lake  is  a  till  plain  of  red  Patrician 
drift  extending  eastward  and  passing  beneath  the  moraines  of  the  Su- 
perior lobe  in  the  southern  part  of  Aitkin  County.  As  yet  this  till  plain 
is  very  thinly  settled,  but  its  soil  is  suitable  for  pasture  and  meadows, 
like  that  of  the  till  plain  to  the  south  of  the  moraine  which  borders  the 
west  and  south  sides  of  Mille  Lacs  Lake. 

In  the  till  plain  in  Morrison,  Benton,  and  Mille  Lacs  counties  the 
young  red  drift  is  so  thin  that  the  courses  of  the  interglacial  valleys  are 
still  traceable.  These  valleys  were  cut  in  the  old  gray  drift  which  under- 
lies that  part  of  Minnesota  at  least  as  far  east  as  Mille  Lacs  Lake. 

YOUNG  OR  WISCONSIN  RED  DRIFT  (LABRADORIAN  ICE  SHEET) 

The  Superior  ice  lobe  of  the  Labrador  field  extended  but  a  few  miles 
south  of  the  median  line  of  the  state  in  northern  Pine  and  southern  Aitkin 
counties.  Its  border  runs  east  to  west  across  the  northern  part  of  Pine 
County,  and  its  moraines  cross  the  moraines  of  the  red  Patrician  drift  at 
a  slight  angle,  the  course  of  the  Patrician  moraines  being  there  south- 
westward.  There  are  extensive  swampy  areas  at  the  terminus  of  the 
lobe  in  southern  Aitkin  County,  with  occasional  knolls  scattered  through 
them,  and  outside  of  this  to  the  west  a  sandy  plain  which  seems  to  be  an 
outwash  from  the  ice  lobe.  Narrow  till  plains  are  inclosed  between  the 
constituent  ridges  of  the  moraines  of  the  Superior  lobe.  There  are  also 
numerous  swamps  interrupting  the  morainic  ridges  all  along  their  course 
across  Pine  County.  The  moraines  are  also  interrupted  by  a  gravelly 
plain  extending  northward  from  Willow  River  past  Sturgeon  Lake  which 
seems  to  have  been  a  main  line  of  discharge  from  the  'Superior  ice  lobe 
down  Kettle  River  to  the  St.  Croix  and  the  Mississippi. 

The  drift  of  the  Superior  lobe  within  this  area  is  largely  of  clayey  till 
with  scarcely  as  many  stones  as  characterize  the  Patrician  drift.  Its 
soil  is,  however,  a  stony  loam. 

BORDER  OF  YOtTNG  GRAY  DRIFT  (KEEWATIN  ICE  SHEET)  IN  CENTRAL 

MINNESOTA 

There  is  a  narrow  strip  running  southward  through  western  Cass, 
eastern  Wadena,  and  central  Todd  counties  in  which  the  old  gray  drift 
is  near  the  surface  and  has  over  it  a  deposit  which  contains  some  rocks 
such  as  abound  in  the  red  drift.    The  presence  of  such  drift  suggests 
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that  the  Patridan  ice  may  have  extended  over  that  area.  There  are  in- 
dications  also  that  the  Keewa'tin  ice  field  in  later  Wisconsin  time  covered 
the  same  area  for  the  greater  part,  but  without  making  a  heavy  deposit. 
The  surface  material  is  a  mixture  of  rocks  of  red  drift  in  gray  drift 
which  might  have  been  produced  by  the  incorporating  of  the  pre-Wis- 
consin  gray  drift  with  the  Wisconsin  red  drift  of  the  Patrician  ice  field. 
Or  it  might  have  been  produced  by  the  encroachment  of  the  Keewatin 
ice  on  the  thin  edge  of  the  red  drift  and  incorporation  of  that  drift  in 
the  Wisconsin  gray  drift.  That  the  latter  seems  to  have  been  the  case 
is  inferred  from  certain  peculiarities  of  topography.  The  surface  pre- 
sents a  peculiarly  smooth  appearance  as  far  east  as  tiie  edge  of  the  strong 
moraine  of  red  drift  which  runs  through  eastern  Todd  County,  and  the 
smoothness  in  places  runs  up  a  slope  to  that  moraine.  There  is  no  un- 
certainty of  the  presence  of  l^e  Keewatin  ice  to  within  a  few  miles  of  the 
west  base  of  the  strong  red  drift  moraine,  for  a  definite  sheet  of  young 
gray  drift  is  found  at  the  surface  in  the  western  part  of  Todd  and 
Wadena  counties,  and  westward  from  there.  The  small  amount  of  red 
drift  that  is  incorporated  with  the  gray  in  the  district  west  of  the  promi- 
nent red  drift  moraine  has  had  but  little  effect  upon  the  character  of  the 
soiL  It  is  somewhat  more  stony  than  the  unmodified  gray  drift,  but  has 
nearly  as  great  fertility  as  the  gray  drift  ordinarily  possesses. 

There  are  narrow  morainic  ridges  of  the  young  gray  drift  in  south- 
western Todd  and  eastern  Douglas  counties,  but  a  laige  part  of  the  sur- 
face is  a  relatively  smooth  plain.  In  Wadena  and  eastern  Otter  Tail 
counties,  there  are  extensive  gravel  plains  which  were  largely  formed  as 
an  outwash  from  the  strong  moraines  farther  west.  In  western  Steams 
County  a  moraine  of  considerable  strength  follows  down  Sauk  River, 
being  south  of  the  river  from  Sauk  Center  to  New  Munich  and  north 
of  the  river  from  there  eastward  to  Cold  Spring,  beyond  which  it  is 
merged  with  later  moraines  considered  below.  On  either  side  of  this 
moraine  there  are  till  plains  with  a  thin  cover  of  young  gray  drift  The 
plain  on  the  northeast  extends  to  the  base  of  the  strong  moraine  of  red 
drift,  above  discussed,  and  in  places  the  young  gray  drift  is  found  veneer- 
ing tfie  slopes  of  the  red  drift  moraine ;  a  condition  which  shows  clearly 
that  the  Keewatin  invasion  here  culminated  after  the  Patrician  ice  had 
begun  to  recede. 

BOROXR  OF  YOUNG  GSAY  DRIFT  IN  S0X7THWESTERN  MINNESOTA 

In  southwestern  Minnesota,  as  in  central  Minnesota,  there  is  a  thin 
sheet  of  relatively  young  gray  drift,  forming  a  veneer  over  the  eroded 
surface  of  the  old  gray  drift,  which  lies  outside  the  well  defined  moraines 
of  Wisconsin  drift    It  covers  the  southwest  comer  of  Lincoln  County 
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and  a  laige  part  of  Pipestone  County,  the  southwest  comer  of  Murray, 
the  northeast  comer  of  Rock,  and  a  considerable  area  in  westem  Nobles 
County.  It  is  so  thin  a  deposit  that  the  intergladal  valleys  cut  in  the  old 
gray  drift  are  but  partially  filled  and  are  followed  in  large  part  by  the 
modem  streams.  It  contains  a  mixture  of  old  gray  drift  with  the  young 
gray  drift,  and  masses  of  the  old  are  often  included  in  this  younger 
deposit,  and  are  easily  recognized  by  the  high  dtgret  of  staining  and 
oxidation  as  compared  with  that  of  the  young  drift  which  incloses  them. 
This  border  district  lies  outside  the  limits  of  a  moraine  which  has  been 
considered  by  Upham  as  the  limit  of  the  later  or  Wisconsin  drift.  It 
differs  from  that  inside  the  limits  of  that  moraine  in  having  few  un- 
drained  basins  or  depressions.  In  the  latter  district  the  intergladal  lines 
of  drainage  were  more  completely  filled  with  the  younger  drift  than  in 
that  outside  the  moraine,  so  that  drainage  lines  are  more  generally  opened 
in  new  courses  instead  of  following  the  lines  of  intergladal  valleys:  In 
the  opinion  of  the  present  writers,  the  drift  which  veneers  the  eroded 
district  outside  the  moraine  is  not  markedly  older  than  that  of  the 
moraine  which  Upham  interpreted  to  be  the  outer  limits  of  the  younger 
drift,  and  should,  therefore,  be  included  with  it. 

MORAINES   OF   SOUTHWESTERN  MINNESOTA 

A  series  of  strong  moraines  was  formed  on  the  southwest  side  of 
the  Keewatin  ice  field  in  the  Wisconsin  stage.  The  outermost  of  these 
moraines  is  the  one  traced  by  Upham.  It  follows  the  crest  of  the  Coteau 
des  Prairies  across  Lincoln,  Pipestone,  Murray,  and  Nobles  counties.  It 
consists  of  a  single  ridge  as  far  south  as  Chandler  in  Murray  County, 
but  from  there  southward  to  the  state  line  it  has  two  members  separated 
by  a  narrow  till  plain. 

Between  this  moraine  and  the  next  younger  morainic  system  there 
is  a  narrow  till  plain  in  Lincoln  County,  but  it  widens  out  in  Murray, 
Nobles,  and  Jackson  counties  and  has  a  width  of  nearly  30  miles  in 
northeastern  Nobles  and  northwestem  Jackson  counties.  It  narrows 
again  on  approaching  the  state  line. 

The  morainic  system  east  of  this  plain  is  very  strong  and  complex. 
Its  several  constituent  morainic  ridges  are  either  merged  together  or 
closely  associated  throughout  their  course  in  southwestem  Minnesota. 
They  traverse  westem  Yellow  Medicine,  northeastem  Lincoln,  south- 
westem Lyon,  northeastem  Murray,  southwestem  Cottonwood,  and  cen- 
tral Jackson  counties,  and  occupy  a  belt  from  8  to  16  miles  wide.  They 
all  lie  along  the  northeast  slope  of  the  Coteau  des  Prairies,  so  that  the 
inner  ones  are  at  a  lower  altitude  than  the  outer  ones. 
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These  moraines  are  composed  largely  of  clayey  till,  but  include  occa* 
sional  gravel  knolls  and  the  till  in  places  becomes  very  stony.  The  plains 
associated  with  these  moraines  have  a  rich  black  loam  soil. 

MORAINES  OF  SOUTHEASTERN  MINNESOTA 

From  the  state  line  northward  to  the  Minnesota  River  in  a  belt  em- 
bracing much  of  Freeborn,  Steele,  Waseca,  Rice,  eastern  Le  Sueur,  and 
Scott  counties  there  is  a  morainic  system  which  was  formed  on  the  east 
side  of  the  Keewatin  ice  field  at  the  Wisconsin  stage  of  gladation,  and 
which  apparently  is  the  equivalent  of  the  entire  series  of  moraines  on  the 
west  side  just  noted.  There  is  also  to  the  east  of  the  outermost  strong 
moraine  a  narrow  strip  of  Wisconsin  drift  in  which  the  surface  is  nearly 
an  plane  and  the  drift  thin. 

In  Scott  and  Rice  and  eastern  Le  Sueur  counties  the  moraines  are  all 
bunched  together  witfi  only  narrow  strips  of  till  plain  among  them.  But 
to  the  southward  in  Steele  and  Freeborn  counties  the  till  plains  between 
the  moraines  in  places  reach  a  width  of  several  miles. 

The  moraines  are  composed  largely  of  clayey  till  with  a  pebbly  day  . 
loam  soil,  but  gravel  knolls  are  scattered  along  them,  and  in  places  the  \ 
till  is  very  stony.    The  till  plains  have  a  black  day  loam  soil  of  das^cer  / 
color  and  somewhat  less  stony  drift  than  the  moraines.    There  are  small 
outwash  aprons  of  sand  and  gravd  associated  with  the  moraines, 

OVERLAP  OF  RED  DRIFT  BY  GRAY  DRIFT  IN  GRANTSBURG  LOBE 

In  the  district  north  of  the  Minnesota  River  the  Keewatin  ice  made 
a  great  protrusion  northeastward  over  an  area  that  had  been  latdy 
vacated  by  the  Patrician  ice,  and  deposited  a  sheet  of  the  young  gray 
drift  on  the  surface  of  the  young  red  drift.  The  extent  of  overlap  is  in 
die  neighborhood  of  75  miles.  The  end  of  the  lobe  is  found  near  Grants- 
burg,  Wisconsin,  opposite  the  southern  end  of  Pine  County,  Minnesota, 
but  die  ice  encroadied  so  little  on  the  Wisconsin  side  of  the  St.  Croix 
River  that  glacial  drainage  appears  to  have  been  but  slightly  interrupted 
by  the  extension  beyond  the  river. 

A  portion  of  the  overlap  on  the  southwest  side  of  the  Mississippi  River 
in  Wright,  Hennepin,  and  Carver  counties  shows  a  veneering  of  strong 
red  drift  moraines  by  a  rdativdy  thin  deposit  of  the  gray  drift.  The 
gray  drift  deposit,  however,  becomes  thick  enough  within  a  few  miles 
of  its  border  to  conceal  completely  the  red  drift  deposits. 

On  the  northeast  side  of  the  Mississippi  River  the  area  covered  by  the 
Grantaburg  lobe  has  been  extensivdy  blanketed  by  dune  sand  which 
covers  much  of  Sherburne,  Isanti,  and  Andca  counties,  and  extends  to 
the  St  Croix  River  in  Chisago  County.    There  are,  however,  morainic 
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ridges  and  narrow  till  plains  standing  in  these  areas  of  dune  sand,  but 
most  of  them  are  composed  largely  of  stony  drift  which  the  Keewatin 
ice  gathered  up  from  the  sheet  of  Patrician  drift  which  it  overrode,  and 
incorporated  with  some  of  its  own  more  calcareous  material  The  topo- 
graphic features  also  seem  due  mainly  to  the  Keewatin  ice  advance.  In 
some  cases  what  had  been  a  gravel  plain  of  red  drift  has  been  changed 
into  a  ridged  or  morainic  area  by  a  disturbing  and  heaping  up  of  its 
deposits,  with  a  veneering  mixed  with  gray  tilL 

The  dune  sands  appear  to  have  lodged  generally  on  the  clayey  areas 
of  the  Keewatin  drift  and  not  on  the  gravel  and  sand  areas.  In  some 
cases  they  are  on  moraines  and  in  others  on  till  plains.  The  sand  is  so 
fine  as  to  have  considerable  capillary  action,  and  by  thus  supplying  mois- 
ture in  dry  seasons,  has  yielded  fair  returns  where  cultivate.  Bands  of 
fine  dust-like  deposits  in  the  sand  increase  its  fertility.  Situated  as  it 
is  near  the  markets  of  St.  Paul  and  Minneapolis,  v^etable  growing  or 
market  gardening  is  likely  to  become  a  profitable  enterprise.  It  is  an 
important  potato  growing  area. 

At  the  northeast  end  of  the  lobe  in  southern  Pine  and  northern  Chi- 
sago counties,  and  also  in  eastern  Chisago  County  there  are  till  plains 
associated  with  narrow  morainic  ridges,  all  having  a  rich  pebbly,  clay 
loam  soil. 

GRAY  DRIFT  MORAINES  OF  CENTRAL  MINNESOTA 

I  Along  the  east  side  of  the  Keewatin  ice  field,  as  already  indicated, 
there  was  a  thin  border  drift.  This  is  succeeded  on  the  west  by  a  very 
strong  system  of  moraines  which  comes  into  the  area  under  discussion 
from  the  north  in  Otter  Tail  County,  and  runs  southeastward  across 
Douglas,  Pope,  northeastern  Swift,  and  central  Kandiyohi  counties.  It 
brandies  in  eastern  Kandiyohi  County,  and  the  outer  or  northern  mem- 
ber bears  north  of  east  from  New  London  past  Paynesville  to  the  chain 
of  lakes  north  of  Eden  Valley,  and  then  turns  southeastward  and  runs 
between  Watkins  and  Kimball  into  northwestern  Wright  County,  and 
thence  northeastward  into  the  Grantsburg  lobe  already  discussed.  The 
portion  north  and  east  of  Watkins  is  at  the  extreme  border  of  the  young 
gray  drift.  But  farther  west  it  falls  short  of  reaching  the  red  drift 
border,  the  interval  being  filled  by  the  relatively  thin  border  portion 
of  the  young  gray  drift. 

The  souUiem  or  inner  member  of  the  great  morainic  system  continues 
southeastward  from  central  Kandiyohi  Cotmty  to  the  northwest  comer  of 
McLeod  County,  where  it  turns  abruptly  northeastward  to  form  the 
northwest  border  of  the  Grantsburg  lobe.  By  that  time  the  lobe  was 
considerably  shrunken,  and  had  its  terminus  near  the  Mississippi  River. 
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The  moraines  of  the  Grantsburg  lobe  which  correlate  with  this  inner 
part  of  the  great  morainic  system  curve  around  in  Wright  County  and 
rtm  southward  across  Carver  and  western  Hennepin  counties  to  the 
Minnesota  valley. 

This  great  morainic  system  is  bordered  on  the  east  by  extensive  out- 
wash  plains  of  gravel  and  sand  in  Otter  Tail,  Douglas,  Pope,  south- 
western Steams,  and  northern  Kandiyohi  counties.  The  drainage  was 
thence  down  the  Mississippi  along  Sauk  River.  Farther  east  there  were 
outwash  plains  near  Kimball  which  found  their  drainage  eastward  to  the 
Mississippi  along  lines  south  of  Sauk  River.  Farther  east  near  South 
Haven  and  Annandale  the  outwash  plains  slope  northward  to  the  Mis- 
sissippi at  Qearwater. 

From  the  inner  morainic  system  there  was  an  outwash  northward 
near  Litchfield  and  Darwin  into  a  small  lake  that  occupied  the  plain 
bordering  North  Crow  River  between  Kingston  and  Manannah,  and 
which  discharged  northward  past  Eden  Valley  and  the  chain  of  lakes 
north  of  that  village  to  Sauk  River  valley  and  thence  to  the  Mississippi. 
There  are  also  smaller  lines  of  glacial  drainage  coming  into  this  lake  from 
the  west  at  Manannah.  The  ice  at  that  time  was  covering  the  lower 
course  of  Crow  River  below  Kingston,  and  thus  caused  the  ponding  of 
the  waters  west  of  that  village.  The  outwash  plains  and  glacial  drains^ 
lines  in  Meeker  County  have  a  fine  sandy  to  gravelly  soil,  but  the  old 
lake  bed  is  covered  by  a  fine  lacustrine  silt  nearly  free  from  pebbles. 

This  great  morainic  system  is  composed  of  coarse  stony  drift  along 
much  of  its  eastern  border  with  numerous  gravel  knolls  and  ridges  in- 
cluded. But  as  one  passes  westward  or  southwestward  toward  the  inner 
border  of  the  morainic  system,  a  clayey  till  is  found  to  come  in  gradually, 
while  gravel  knolls  and  ridges  become  more  and  more  infrequent  There 
are  occasional  small  areas  of  outwash  plain  in  the  midst  of  the  morainic 
system  in  Otter  Tail  and  Douglas  counties,  but  such  features  are  remark- 
ably rare. 

THB  GREAT  PLAIN  OF  THB  MINNESOTA  LOBE 

The  axis  of  movement  of  the  Keewatin  ice  field  was  along  the  Minne- 
sota valley  from  Swift  County,  near  Appleton,  to  the  great  bend  of  the 
Minnesota  at  Mankato,  and  there  is  found  on  either  side  of  the  river  a 
broad  plain  rising  gradually  toward  the  border  of  the  great  morainic  sys- 
tems above  discussed.  That  on  the  north  side  of  the  river  covers  much 
of  Swift,  Chippewa,  Kandiyohi,  Renville,  McLeod,  Sibley,  and  Nicollet 
counties,  while  that  on  the  south  covers  the  greater  part  of  Lac  qui  Parle, 
Yellow  Medicine,  Lyon,  Redwood,  Cottonwood,  Brown,  Watonwan, 
Martin,  Blue  Earth,  and  Faribault  counties. 
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On  this  plain  a  few  weak  moraines  were  developed,  which  mark  suc- 
cessive positions  of  the  ice  border  as  it  was  melting  back  from  the  vicinity 
of  Mankato  to  the  headwater  part  of  the  Minnesota  River.  Along  the 
outer  border  of  these  moraines  are  found  channels  of  border  drainage 
which  evtatually  enter  the  Minnesota,  usually  along  the  line  of  modem 
streams.  They,  however,  cross  from  one  modem  river  valley  to  another 
because  the  ice  was  still  covering  the  lower  courses  of  the  more  northern 
and  westem  streams.  Thus  border  draim^  which  follows  the  course 
of  Yellow  Medicine  River  will  cross  over  to  that  of  Redwood  River  and 
then  to  Cottonwood,  and  perhaps  to  the  Watonwan  before  entering  the 
Minnesota.  These  channds  are  better  defined  on  the  south  than  on  the 
north  of  the  Minnesota  River,  probably  because  the  melting  of  the  ice 
was  more  rapid  on  that  side. 

In  connection  with  the  border  drainage  there  was  more  or  less  pond- 
ing of  the  waters  along  the  edge  of  the  ice,  so  the  channels  are  not  con- 
tinuous from  each  one  of  the  modem  valleys  to  a  neighboring  valley  in 
every  instance.  The  effect  of  this  ponding  was  to  cause  a  deposition  of 
silt  over  the  till,  but  it  seldom  reaches  a  depth  of  more  than  a  few  inches. 
The  ponding  was  also  so  short-lived  that  beaches  or  definite  shore  lines 
seem  not  to  have  been  developed. 

This  great  plain  is  largely  prairie,  and  the  soil  is  a  rich  black  loam  on 
its  level  portions,  and  a  pebbly  clay  loam  on  the  morainic  ridges.  These 
morainic  ridges  often  include  gravelly  knolls  which  are  of  much  value 
in  furnishing  material  for  the  roads.  The  portions  of  the  border  drain- 
age channels  not  now  utilized  by  streams  are  often  marshy  and  ill-drained, 
but  can  usually  be  reclaimed  by  ditching.  The  dry  portions  of  the 
border  drainage  channels  usually  have  a  sandy  soil. 

Yellow  Medicine  River  is  somewhat  peculiar  in  its  drainage,  in  the 
portion  immediately  above  Hanley  Falls.  The  plain  there  is  so  flat  that 
the  river  has  developed  a  number  of  channels  which  branch  out  and 
come  together  again,  thus  inclosing  areas  of  several  square  miles  in 
some  cases. 

The  Minnesota  valley  was  broadly  and  deeply  excavated  by  the  outlet 
of  Lake  Agassiz.  In  several  places  it  has  branching  chaxmels  which 
inclose  strips  of  the  upland,  sometimes  several  miles  in  length  and  only 
a  mile  or  two  in  width,  as  indicated  on  the  g;eneral  map  (Plate  i). 
Below  Montevideo,  however,  it  has  a  single  broad  channel.  All  along  its 
course  there  are  rock  ledges  standing  up  prominently  in  the  bottoms. 

THE  GREAT  RED  RIVER  PLAIN 

Only  the  eastem  part  of  this  plain  lies  in  Minnesota,  the  westem  being 
in  the  Dakotas.    The  Red  River  valley  and  its  southward  continuation 
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in  the  basin  drained  by  the  Mustinka  and  the  Bois  des  Sioux  rivers  was  the 
axis  of  movement  of  the  Keewatin  ice  field.  The  terminus  of  the  ice 
lobe  was  at  one  time  in  a  moraine  which  nms  along  Big  Stone  Lake  and 
thence  eastward  across  southern  Big  Stone  County  into  northwestern 
Swift  County,  and  thence  northward  along  or  near  the  Chippewa  River 
to  its  source  in  northeastern  Grant  Cotmty.  The  ice  was  thus  a  broad 
lobe  at  its  southern  end,  markedly  out  of  harmony  with  the  last  stages 
of  the  ice  in  the  Minnesota  valley  below  Big  Stone  Lake,  which  had  been 
reduced  to  a  very  narrow  lobe,  as  indicated  by  the  moraines  each  side  of 
the  valley.  From  this  it  is  inferred  that  the  ice  made  a  decided  readvance 
with  broader  front  at  the  time  it  reached  the  position  marked  by  the 
moraine  just  outlined.  Extensive  outwash  plains  of  fine  sandy  gravel 
were  developed  just  outside  this  moraine  in  southeastern  Stevens,  western 
Pope,  and  northwestern  Swift  cotmties,  and  also  in  southern  Big  Stone 
County. 

Between  this  moraine  and  the  shore  of  Lake  Agassiz  there  is  an 
extensive  till  plain  covering  much  of  Stevens  and  Big  Stone  counties  and 
part  of  Grant  and  Otter  Tail  counties,  on  which  an  occasional  slight  in- 
dication of  later  positions  of  the  ice  border  are  traceable  in  weak  ridges 
and  low  hummocks.  The  ridges  are  better  defined  in  Grant  and  Otter 
Tail  counties  than  farther  south.  The  ice  eventually  shrank  within  the 
limits  of  the  Lake  Agassiz  area  in  Traverse,  Grant,  and  Wilkin  cotmties. 

THB  LAKS  AGASSIZ  AREA 

The  portion  of  the  Lake  Agassiz  area  in  the  southern  half  of  Minne- 
sota lies  mainly  in  Traverse  and  Wilkin  counties,  but  it  touches  north- 
western Stevens,  western  Grant,  and  southwestern  Otter  Tail  coimties. 
The  soil  is  sandy  for  a  few  miles  at  the  southern  end  of  this  lake  area, 
but  elsewhere  is  a  heavier  soil.  The  lake  clays  are  of  very  slight  depth, 
usually  but  a  few  inches,  and  the  till  is  at  the  surface  over  most  of  the 
lake  bed  embraced  in  the  area  under  discussion.  In  the  northern  part 
of  Traverse  County,  bowlders  are  exceedingly  numerous. 

The  beaches  or  shore  lines  formed  at  several  levels  are  usually  com- 
posed of  fine  gravel  suitable  for  use  on  roads.  They  also  have  been  used 
as  lines  for  highways  and  for  buildings  sites. 

The  soil  on  the  flat  areas  is  a  rich  black  loam,  and  even  the  sandy 
portions  have  a  black  sandy  loam. 

OirrWASH  SAND  AND  GRAVEL  PLAINS 

There  is  perhaps  no  other  surface  formation  in  the  state  that  differs 
so  greatly  in  the  character  of  the  soil  and  in  agricultural  value  as  the 
outwash  plains  of  sand  and  gravel.    In  some  places  these  plains  have  a 
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rich  cover  of  black  loam,  several  inches  to  several  feet  in  depth,  which 
renders  them  about  as  fertile  as  any  land  in  the  state ;  while  at  the  other 
extreme  they  may  have  a  soil  or  surface  of  loose  sand  or  gravel  subject 
to  drouth  and  relatively  tmfertile.  Between  these  extremes  the  grades 
of  soil  range  from  poor  to  fair  or  good.  In  the  present  survey  the  sepa- 
ration and  mapping  of  the  extent  of  each  grade  of  soil  in  the  outwash 
plains  has  not  been  attempted.  In  the  cotmty  discussions,  however,  state- 
ments have  been  inserted  which  serve  to  indicate  to  some  extent  the 
local  variations  in  the  character  of  the  soil  on  these  plains.  But  a  much 
more  detailed  soil  survey  must  be  made  to  bring  out  properly  the  agricul- 
tural values  of  each  section. 

ALLUVIAL  BOTTOMS 

There  are  broad  alluvial  bottoms  along  the  Minnesota  River  through- 
out its  course  from  Big  Stone  Lake  to  the  Mississippi,  and  along  the 
Mississippi  below  St.  Paul.  Those  on  the  Mississippi  are  subject  to  over- 
flow at  high  river  stages,  and  can  only  be  cultivated  with  profit  in  the 
driest  years.  The  lower  portion  of  the  Minnesota  valley  is  in  process  of 
silting  up,  for  the  valley  was  cut  by  the  outlet  of  Lake  Agassiz  to  a  level 
20  to  30  feet  below  the  present  level  of  the  stream.  The  lakes  on  the 
border  of  Scott  and  Hennepin  counties  are  unfilled  parts  of  this  deep 
channel.  The  Minnesota  valley  has  stretches  of  very  slight  fall  im- 
mediately above  the  rock  rapids  which  occasionally  appear  along  its 
course.  In  such  places  the  river  may  be  expanded  into  a  lake,  as  is  the 
case  at  Lac  qui  Parle  and  in  Marsh  Lake. 

The  tributaries  of  the  Mississippi  River  in  southeastern  Minnesota 
usually  have  broad  alluvial  flats  extending  some  distance  up  from  their 
mouths,  but  these  are  seldom  subject  to  overflow  and  are  in  large  part 
under  cultivation. 

The  portion  of  the  Mississippi  above  Minneapolis  has  a  broad  valley 
formed  as  a  line  of  glacial  drainage,  whose  bed  is  a  light  sandy  soil  The 
stream  in  postglacial  time  has  cut  a  small  trench  in  this  broad  valley.  St. 
Croix  River  has  broad  bottom  lands  in  southern  Pine  and  northern 
Chisago  cotmties,  but  below  high  banks  border  the  stream  somewhat 
closely  except  at  Lakeland  where  there  are  broad  terraces  with  sandy 
soil.  The  lower  course  of  the  river,  however,  below  Stillwater  is  ex- 
panded into  a  lake,  known  as  Lake  St.  Croix. 

FARMING   DEVELOPMENT  IN   MINNESOTA 

The  census  of  1850  gives  Minnesota  only  5,035  acres,  or  about  8 
square  miles  of  improved  land.  This  was  in  157  farms,  or  an  average 
of  32  acres  per  farm.    I9  i860  there  were  556,250  acres,  or  about  870 
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square  miles  of  improved  land.  There  were  18,181  farms  with  an  aver- 
age of  about  31  acres  of  improved  land.  There  were  only  2,924  farms, 
or  16  per  cent,  with  more  than  50  acres  of  improved  land.  It  thus  ap- 
pears that  farming  was  still  in  its  beginnings  as  late  as  i86o. 

The  farms  down  to  that  time  were  very  largely  along  the  river  bot- 
toms and  in  the  oak  openings  in  the  southeast  part  of  the  state.  Such 
forests  are  easily  cleared,  and  the  stumps  soon  decay;  so  the  pioneers 
expended  only  a  moderate  amotmt  of  time  and  labor  in  changing  these 
oak  openings  into  agricultural  land.  This  land,  too,  was  naturally  well 
drained,  much  of  it  being  covered  with  loess  which  is  a  readily  pervious 
silt  which  would  absorb  the  rainf aU  rapidly.  It  also  holds  moisture  and 
yields  it  to  the  crops  through  capillary  action  in  the  dry  seasons.  The 
settlements  were  confined  to  a  narrow  belt  along  the  rivers  within  about 
a  day's  haul  by  team,  and  the  navigable  waters  of  the  Mississippi,  the  St. 
Croix,  and  the  Minnesota  furnished  avenues  of  shipment  to  the  markets. 
The  yield  of  wheat  on  the  fertile  loess  soil  was  high,  and  this  soon  became 
the  staple  crop.  In  an  early  day  flour  mills  were  erected  along  many  of 
the  tributaries  of  the  Mississippi,  which  utilized  the  water  power  afforded 
by  these  streams.  So  long  as  wheat  raising  was  highly  profitable,  there 
was  very  little  stock  raising.  The  long  cold  winters  probably  also  tended 
to  check  the  stock  raising,  but  by  1870  the  wheat  yield  in  the  southeastern 
counties  had  b^;un  to  fall  off,  and  this  led  to  more  diversified  farming. 
The  seasons  in  the  early  i86o's  were  very  favorable  for  wheat  raising, 
and  the  3rield  in  the  years  from  i860  to  1865  averaged  about  22  bushels 
per  acre,  or  4J4  bushels  above  the  average  for  the  state  in  1910. 

Down  to  1870  the  settlement  was  almost  entirely  in  the  forested  areas 
of  the  eastern  part  of  the  state.  The  settlements  were  very  slowly  ex- 
tended into  the  prairies,  not  only  on  account  of  their  remoteness  from 
navigable  waters,  but  also  because  of  lack  of  fuel  and  the  bleakness  of 
the  region  and  lack  of  windbreaks.  There  seems  also  to  have  been  a 
feeling  of  uncertainty  as  to  the  productiveness  of  the  prairie  land,  it 
being  inferred  that  the  lack  of  timber  was  due  to  some  deficiency  in 
the  soil. 

Between  i860  and  1870,  notwithstanding  the  repressing  influence  of 
the  Civil  War,  there  was  a  great  extension  of  agriculture  over  the  greater 
part  of  the  southern  half  of  the  state.  A  few  prairie  counties  in  the 
southwest  part,  and  the  densely  wooded  counties  east  of  the  Mississippi 
River,  however,  received  very  few  settlers  prior  to  1870.  Immediately 
after  the  Civil  War  railroad  extension  became  rapid,  and  by  the  early 
1870's  railroads  had  been  extended  to  the  western  and  southwestern 
parts  of  the  state  and  on  into  the  Dakotas.  The  line  from  St.  Paul  to 
Duluth  also  connected  the  agricultural  district  with  this  Great  Lakes 
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port,  and  other  lines  from  the  western  part  of  the  state  were  soon  con- 
nected with  Duluth. 

Although  settlement  started  in  the  forested  portion  of  Minnesota, 
that  part  has  now  a  smaller  percentage  of  improved  land  than  the  prairie 
portion  of  the  state.  The  prairie  cotmties  usually  have  from  70  to  85  per 
cent  classed  as  improved  land,  while  the  older  settled  forested  counties, 
such  as  Wright,  Hennepin,  and  Carver  have  but  little  more  than  half  their 
area  classed  in  the  census  of  1910  as  improved  land.  There  has  been, 
however,  a  steady  increase  in  the  percentage  of  improved  land  in  the 
forested  counties,  thus  showing  there  is  not  an  abandonment  of  farming 
but  merely  a  slow  development  due  in  large  part  to  the  difficulty  of 
clearing  the  land. 

It  is  in  the  forested  areas  that  swamp  lands  are  most  extensive,  and 
they  as  well  as  the  forests  greatly  check  the  development  of  agriculture. 
The  most  extensive  swamps  and  marshes  in  the  southern  half  of  Minne- 
sota are  found  in  the  district  east  of  the  Mississippi  River,  in  Pine,  Kana- 
bec, Mille  Lacs,  Isanti,  and  Anoka  counties.  In  the  forested  district  west 
of  the  Mississippi  there  are  numerous  lakes,  some  of  which  have  marshy 
borders.  There  are  also  basins  deeply  filled  with  peat  inclosed  among 
the  morainic  hills  and  ridges.  Systematic  ditching  after  careful  surv^s 
should  greatly  decrease  the  amount  of  swamp  land.  In  some  of  the 
prairie  counties,  lakes  which  are  represented  on  the  land  survey  plats, 
and  which  still  appear  on  the  county  atlases,  have  in  many  places  been 
completely  drained  and  their  beds  been  converted  into  agricultural  land. 

The  table,  on  page  61,  compiled  from  census  reports  gives  the  growth 
of  agriculture  in  each  county  in  the  southern  half  of  the  state  decade  by 
decade  from  1870  to  1910. 

RANK  OF  DIFFERENT  CROPS  IN  MINNESOTA 

As  shown  by  the  census  of  1910,  the  acreage  of  cereals  in  Minnesota 
has  the  following  order  from  highest  to  lowest :  Wheat,  oats,  com,  bar- 
ley, rye.  The  amount  of  tame  grass  cut  is  but  little  more  than  that  of 
wild  grass,  there  being  2,885,987  tons  of  tame  grass,  and  2,714,121  tons 
of  wild  grass  cut  in  1909.  The  acreage  of  wild  grass  was  but  slightly 
higher  than  that  of  the  tame  grass,  there  being  1,815,250  acres  of  tame 
grass,  and  1,988,664  of  wild  grass. 

Wheat  leads  in  32  of  the  63  counties  here  reported  on  in  the  southern 
part  of  the  state,  while  oats  leads  in  20  of  them.  G>m  leads  in  5  counties, 
Anoka,  Freeborn,  Hennepin,  Houston,  and  Sherburne  counties,  all  in 
the  southeast  part  of  the  state.  Barley  leads  in  Dodge,  Goodhue,  Lincoln, 
Olmsted,  Wabasha,  and  Winona  cotmties,  all  but  one  in  the  southeast 
part  of  the  state.    Wheat  leads  in  the  great  till  plains  of  the  Wisconsin 
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Per  Cent  of  Improved  Land  of  Counties  m  Southern  Half  of  Minnesota  by  Decades,  1870  to  1910 


County 

Aitldn 

Aaoka  

Benton    < 

Big  Stone 

Blue  Earth 

Brown   .......... 

Carver 

Chippewa    

Chisago 

Cottonwood 

Crow   Wingt 

DakoU   

Dodge    

Douglas    

Faribault 

Fillmore    

Freeborn    

Goodhue 

Grant 

Hennepin 

Houston    

Isanti 

Jackson 

Kanabec  * 

Kandiyohi    ....... 

Lac  qui  Parle. .. . 

Le  Sueur........ 

Lincoln    

Ljron 

McLeod 

Martin    

Meeker    

MiUe  Lacs 

Morrison 

Mower 

Murray    

Nicollet 

Nobles   

Olmsted 

Otter  TaUt 

Pine    

Pipestone    

Pope   

Kamsey   < 

Redwood 

Renville    

Rice   

Rock    

Scott    

Sherburne < 

Sibley    

Steams    

Steele 

Stevens    • 

Swift    

Todd    

Traverse    

Wabasha   

Waseca 

Washington    .... 

Watonwan 

Wilkin 

Winona • 

Wright     

Yellow    Medicine. 


1870 


0.9B 

ai.oo 
8.63 

14.15 
i.ia 
a.93 
0.19 

4*39 
26.47 
3-37 
14.78 
33.33 
14.70 
44.ai 

18.00 

18.60 

a.  70 

i.ao 


I  a. 50 


6.76 
4.a3 

0.48 
0.48 
14^40 

18.00 

47.40 
o.a8 


a.85 
9.9a 

i.SS 
30^00 

ao.oo 

8.35 
6.33 
I7.a7 
o.a7 
i.ia 

0.61 

• 

39-45 

17.8J 

19.08 

6.0a 

0.10 

33.48 

5.34 


1880 


1890 


ia.8o 
7.10 
7.00 

38.67 
16.90  { 
11.40, 
1 7.00  I 
0.40  I 
60.  a6 
68.87  I 

65.00 
54.45 
70.95 

9.ao  I 
3946 
40.00 

9.ao 
13.50 

o.ao 
30.79 
ii.ao 
74.47 

7.00 
15.40 
43.9c 
1 9.0c 
3a.a7 

1. 8c 

4.9« 
60.55 

6.70 
63.00 
14.70 
75.17 
10.10 

o.ao 

7.30 
1 8.00 
«4.oi 
11.60 
i5.ao 
53.06 
ao.98 
42.09 
13.70 
33.11 
ai.41 
60.96 
18.00 
17.00 

7.80 

6x.oz 
64.36 
41.03 
a  1. 90 
4.ao 
53.88 
aa.47 
14.40 


o.ao 
14.10 
19.00 
3a.66 
77.96 
61.43 
41.33 
34.aa 
15.90 
33.64 

61.80 
68.1a 

68.74 
63.74 
58.11 
73.95 
32.73 
39-24 
♦a.  76 
13.60 
37.08 

1. 00 
41.46 
41.58 
45.54 
29.85 
31.19 
6a.74 
32.27 
38.73 

2.90 

9.40 
61.86 
25.36 
7X.24 
34.45 
73.02 
23.84 

0.50 
29.23 
35.82 
22.36 
26.30 

45.29 
53.71 
21.53 
61.43 
28.69 
77.23 
25.09 
a7.i8 
11.40 

72.46 

46.85 
17.80 
53.96 
28.77 
37.84 


1900 

1910 

1.77 

2.97 

29.64 

34.50 

31.10 

42.00 

77.56 
74.66 

80.03 

77** 

l?;Si 

53.40 
70.28 
38.33 
82.70 

31.20 
53.40 

5.30 

7.67 

71.08 

67.77 

78.00 

80.45 

tsil 

nil 

70.09 

70.42 

72.84 

69.79 

76.30 

73.30 

62.04 

72.74 

54.63 
46.55 

52.43 

47.72 
38.73 

32-2' 
78.85 

78.96 

4.00 

10.95 

66.67 

72.14 

77.44 

79.77 

49.93 
69.40 

54.70 

79.77 

7376 

75.93 

73.70 
83.32 

75.64 

65.00 
8.40 

68.10 

12.97 

20.28 
86.76 

SI:iS 

?5:S 

SSiSi 

tm 

83.98 

74.12 

38.7* 

45.46 

3.40 

7.17 

u 

64.58 

37.97 

40.00 

74.13 
80.00 

75.76 
82.00 

71.90 
84.92 

?l:22 

52.64 

56.94 

30.90 

38.65 

j!S 

pi 

8X.68 

69.02 

li\i 

P 
U 

73.50 
24.65 

IIU 

81.6X 

',irz 

60.14 
81.27 

p 

66.76 

58.39 

48.71 

53.73 
78.93 

73.64 

Dominant  Soil  and  VegeUtion 

Several  soils.     Mixed   forest. 

Sand,  mixed  gray  drift.   Scrub  oak,  wire  graaa. 

Clayey  red  drift.     Hardwood. 

Clayey  gray  drift,     Prairie. 

Clayey  gray  drift.     Prairie  and  hardwood. 

Ciayev  gray  drift.     Prairie. 

Mixed  and  clayey  gray  drift.     Oak. 

Clayey  pray  drift.     Prairie. 

Gayey  gray  drift,  sand.     Hardwood. 

Clayey  gray  drift.     Prairie, 

Several  soils.     Mixed  forest. 

Gravelly  red  drift.     Oak  and  prairie. 

Clayey  old  gray  drift.     Prairie. 

Mixed  gray  drift.     Hardwood  and  prairic. 

Qaycy  gray  drift.     Prairie.  .  . 

Loess,  clayey  old  gray  drift.     Oak  and  praine. 

Clayey  to  mixed  gray  drift.    Prairie,  oak  grovea. 

Loess,  clayey  old  gray  drift.     Oak  and  praine. 

OaycY  gray  drift,  part  lake  sediment.    Prairie. 

Mixed  gray  drift.     Hardwood. 

Loess,  residual,   alluvial.      Oak. 

Sand,  mixed  gray  drift.      Oak. 

Clayey  gray  drift.     Prairic. 

Clayey  to  mixed  red  drift.     Mixed  forest. 

Oayey  to  mixed  gray  drift.    Prairic  and  groves. 

Clayey  gray  drift.     Prairie. 

Clayey  to  mixed  gray  drift.     Hardwood. 

Clayey  to  mixed  gray  drift.     Prairie. 

Clayey  gray  drift.     Prairie. 

Clayey  gray  drift.      Hardwood. 

Clayey  gray  drift.     Prairie. 

Clayey  to  mixed  gray  drift.     Hardwood. 

Clayey  to  mixed  red  drift.     Mixed  forest. 

Clayey  to  mixed  red  drift.     Mixed  forest. 

Clayey  old  gray  drift.     Prairie. 

Clayey  to  mixed  gray  drift.    Praine  and  groTCl. 

Clayey  gray  drift.     Prairic. 

Clayey  gray  drift.     Prairic. 

Loess,  clayey  old  gray  drift.     Oak  and  praine. 

Mixed  gray  drift.     Prairie,  mixed  forest. 

Several  soils.     Mixed   forest. 

Clayev  gray  drift,  partly  old.     Praine. 

Mixed  gray  drift.    Prairie  and  groves. 

--■      '  '    ^   •  ■'        Oak. 

Prairie. 

Prairie. 

^.__    Hardwood,  prairie. 

Loess,  clayey  old  gray  drift.     Prairie. 

Clayey  to  mixed  gray  drift.     Hardwood. 

Mixed  gray  drift,  sand.     Scrub-oak. 

Clayey  gray  drift.     Prairie  and  hardwood. 

Several  soils.     Hardwood,  prairie. 

Oayev  to   mixed  grav  drift.      Prairic. 

Cave:    ,:-ny   A.lit       V     -■'•.  .  , 

Clayey  to  mixed  gray  dm u     Prairic.^ 

Clayey  to  mixed  red  and  gray  dnfta.    Mixed  foreft 

Lake  silt  and  sand,  clayey  ^y  drift.    Praine. 

Loess,  alluvial.     Oak.  prairie. 

Clayey  gray  drift.     Prairie,  hardwood. 

Clayey  to  mixed  red  drift.     Oak.  ^ 

Clayey  to  mixed  gray  drift.     Frame.    .  . 

Lake  sediment,  clayey  gray  drift.     Praine. 

Loess,  alluvial.     Prairie,  otk. 

Clayey  to  mixed  gray  drift.     Hardwood. 

Clayey  to  mixed  gray  drift.     Prairie. 


_  ay 

Mixed  red  drift. 
Clayey  gray  drift. 
Clayey  gray  drift. 
Mixed  gray  drift. 


•  Leta  than  one  square  mile  improved  in  1870.  .  ,     j  .       u  1      -^ 

f  Several  counties  combined  with  Redwood  County,  with  1,074  «cres  improved  land  in  wnoie  area. 
X  Part  of  cooaty  in  northern  half  also  included. 
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drift  bordering  the  Minnesota  yaUey,  and  in  most  of  the  older  settled 
counties  in  central  Minnesota.  Oats  leads  in  the  poorly  settled  counties 
of  eastern  Minnesota,  and  in  7  counties  of  southwestern  Minnesota.  In 
the  tables  under  each  county  the  order  of  importance  of  each  cereal  is 
given,  from  highest  to  lowest. 

RELATION  OF  CROP  VALUES  TO  FARM  INVESTMENTS  IN  SOUTHERN  MINNESOTA 

The  gross  income  from  crops,  as  given  by  the  census  of  1910,  and 
as  quoted  in  the  tables  in  connection  with  eadi  of  the  counties  here  dis- 
cussed, shows  a  range  in  the  different  counties  from  about  9  per  cent  to 
17  per  cent  of  the  total  value  of  the  farm  property  in  the  respective 
counties.    The  following  table  gives  the  percentage  for  each  county : 

Ammutl  Gross  Income  of  Crops  im  For  Csni  of  Form  Voluos 

Per  ccBt 

Biff  Stone,  Pope,  SteTeni,  Swift 17 

Chippewa,  Grant,  Renville,  Trarene 16-16.7 

Doofflaa,  Iianti,  Kandiyolii,  Lac  qui  Parle,  Meeker,  Steams,  Wilkin 25-15^ 

Benton,  Morriaon,  Nicollet,  Sherburne,  Sibley*  Wabaaha,  Yellow  Medicine I4-X4*7 

Brown,  Dakota,  Steele,  Waahtngton xj-xj^ 

Bine   Earth,   Chiiago,   Goodhue,   Le   Suenr,   McLeod,   Mille   Laca,   Rice,    Scott,  Todd, 

Waaeca,  Winona,  Wriffht x*>za.9 

Anoka,  Carver,  Cottonwood,  Freeborn,  Hennepin,  Houaton,  Lincoln,  Ljon,  Olmated,  Fine, 

Ramaej,  Watonwan xx>xi.9 

Dodfe,  Faribault,  Fillmore,  Jackson,  Martin,  Mower,  Pipestone 10-10.5 

Kanabec,  Murray,  Nobles,  Rock 9-  9.7 

In  8  counties  m  the  southwest  part  of  the  state  the  gross  income  is 
16  to  17  per  cent,  but  in  3  others,  also  in  the  southwest  part,  it  is  less 
than  10  per  cent.  This  difference  is  not  a  difference  in  productivity  of 
soil,  but  seems  due  largely  to  the  higher  estimate  of  value  of  land  in  these 
3  counties.  It  serves  to  show  that  prices  in  these  counties  have  reached, 
if  they  have  not  already  gone  bqrond,  profitable  use  by  the  present  occu- 
pants, for  the  gross  income  is  ordinarily  more  than  double  the  net  income, 
or  real  return  for  farm  investments.  There  are  7  more  counties  in  the 
southern  part  in  which  the  gross  income  is  only  10  to  10.5  per  cent  of  the 
valuation.  A  large  number  of  cotmties  scattered  over  the  southern  half 
of  the  state  have  a  gross  income  between  11  and  16  per  cent. 
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A.      CULTIVATED   RED   DRIFT   TILL   PLAIN    NEAR   FOLEY 


B.      RED  DRIFT  TILL  PLAIN   WITH    FOREST  NEAR  FOLEY 


C.      BOULDERS   ON    RKD   DRIFT   TILL    PLAIN    NEAR   FOLEY 
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CHAPTER  IV 

DESCRIPTIONS  OF  COUNTIES 

In  the  description  of  counties  which  follows,  the  county  taken  first 
is  in  the  northeast  corner  of  the  area,  and  after  this  counties  to  the  west 
and  south  to  the  southern  border  of  the  state  are  discussed.  A  few  data 
from  the  census  of  1910  are  presented  in  addition  to  the  results  of  the 
land  classification  on  a  geologic  basis. 

PINE  COUNTY 

Pine  County  is  located  in  the  northeast  comer  of  the  area  embraced 
in  this  report,  its  eastern  boundary  being  the  state  line  of  Minnesota  and 
Wisconsin.  Its  land  area  is  1413  square  miles,  and  the  water  area  of 
its  meandered  lakes  and  streams  is  24.76  square  miles.  It  embraces  a 
large  amotmt  of  poorly  drained  land  classed  as  swamp  on  the  Land 
Office  plats,  there  being  387  square  miles,  or  about  27  per  cent  of  the 
county  as  computed  from  these  plats.  The  greater  part  of  this  may  be 
readily  drained  at  moderate  expense.  A  few  places  were  noted  in  the 
northeast  part,  however,  where  the  swamps  are  held  in  by  barriers  of 
rock,  and  others  where  prominent  drift  ridges  and  knolls  inclose  them. 
But  in  most  cases  the  swamps  are  due  in  part  to  fallen  timber  and  beaver 
dams  which  may  be  easily  removed.  As  a  result  of  the  great  Hinckley 
fire  which  some  years  ago  swept  a  large  tract  in  the  southwest  part  of 
the  cotmty,  the  area  of  some  of  the  swamps  was  markedly  reduced,  and 
peat  beds  were  burned  out  leaving  the  soil  exposed.  In  the  settlements 
near  Bruno  and  also  near  Beroun,  the  swamp  areas  have  been  greatly 
reduced  and  rendered  tillable.  In  some  cases  the  swamp  lands  were  pas- 
tured for  a  few  years  after  the  water  was  drained  away,  and  before  they 
were  cultivated. 

This  county  is  somewhat  unique  in  that  it  was  encroached  upon  by 
each  of  the  three  ice  fields  in  the  Wisconsin  stage  of  glaciation.  The 
Superior  ice,  however,  covered  only  a  narrow  strip  with  red  drift  along 
the  north  border  of  the  county,  and  the  Keewatin  ice  a  few  townships  of 
gray  drift  at  the  southern  end.  In  the  remainder  of  the  county  the 
Patrician  red  drift  is  at  the  surface,  and  it  also  underlies  the  other  drifts. 
There  was  glacial  drainage  from  the  Superior  lobe  down  the  Kettle 
River,  from  the  Patrician  ice  down  the  St.  Croix  River,  and  from  the 
Keewatin  ice  along  Snake  River.  The  St.  Croix  also  served  as  an  outlet 
for  the  glacial  Lsdce  Duluth,  which  produced  a  large  valley  with  sandy 
and  in  part  swampy  bottoms.    The  Keewatin  or  young  gray  drift  at  the 
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southern  end  of  the  county  is  largely  of  clayey  texture  and  high  fer- 
tility. The  red  drift  is  more  stony,  ^ough  much  of  it  has  a  clayey  ad- 
mixture both  in  moraines  and  till  plains.  It  will  be  likely  to  be  excellent 
grass  land,  and  the  county  as  a  whole  may  become  a  profitable  region 
for  dairying  and  stock  raising. 

Rock  hills  10  to  20  feet  high,  covering  a  few  acres  each,  are  found 
in  the  swamps  and  among  the  morainic  knolls  in  the  northeastern  part 
of  the  cotmty,  and  there  are  rock  exposures  along  the  streams  in  the 
southern  part.  The  combined  area,  however,  appears  to  be  but  little 
more  than  i  per  cent  of  the  county. 

In  the  northern  part  of  the  county  farming  is  extended  but  little  east 
of  the  Great  Northern  Railroad,  but  in  the  southern  part  it  extends  over 
the  entire  width  of  the  county. 

Percentages  of  Classes  of  Lamd  in  Pine  County  > 

Sqture  miles    Per  cent 

Saody  red  drift  moraine  with  stony  losm  soil 60  4.J 

Clayey  fed  drift  moraine.     Soil  clayey  to  stony  loam aSo  19.7 

Clayey  gray  drift  moraine,  pebbly  clay  loam  soil ao  i^ 

Red  drift  till  plain,  chiefly  stony  loam  soil 990  ao.5 

Gray  drift  till  plain,  pebbly  clay  loam  soil 58  4.1 

Red  drift  till  plain,  sandy  loam  soil xoo  7.1 

Red  drift  outwash,  sandy  to  gravelly  loam 137)  15.8 

Glacial  drainage  and  valley  alluvium,   sandy 87  J 

Rocky   areas is  i.i 

Swamp 366  #5.9 


If4l3  99.8 

Form  and  Crop  Data  for  Pffi#  Coumiy  from  Centne  of  tgw 

Rural  population  io,6a7  or  7.5  per  square  mile. 

Per  cent  of  land  in  farms 95.5 

Per  cent  of  farm  land   improved a8.i 

Average  acres  per  farm i x z.7 

Average  improved  acres  per  farm 31.3 

Value  of  all  farm  property $7>453ta87 

Per  cent  of  increase  1900  to  191  o aay.S 

Value  of  all  crops  in   1909 $846,136 

Cereals   (oats,  com,  wheat,  barley,  rye) $189,951 

Other   grains  and   seeds f5»047 

Hay  and  forage* $362,443 

Vegetables    $158,461 

Fruits  and  nuts $4*042 

All   other  crops $126,192 

*  Tame  grass,  32,050  tons;  wild  grass,  13,356  tons. 

SOUTHERN  AITKIN  COUNTY 

The  part  of  Aitkin  County  south  of  the  median  line  of  the  state  was 
briefly  discussed  with  the  main  part  of  the  county  lying  north  of  this  line, 
in  Bulletin  13.  The  per  cent  of  swamp  land  in  this  part  is  somewhat 
less  than  for  the  entire  county,  estimated  by  Ralph  as  42  per  cent.  The 
swamps  are  largely  underlain  by  clayey  till  similar  to  that  of  the  border- 
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ing  diy  land^  and  they  can  be  greatly  reduced  by  systematic  ditching. 
Two  sandy  areas  occur  in  this  part  of  the  county,  one  being  immediately 
north  of  Mille  Lacs  Lake,  and  the  other  at  the  terminus  of  the  Superior 
lobe  in  T.  45,  R.  24,  and  T.  45,  R.  23 W.,  with  an  extension  down  Snake 
River  into  T.  44,  R.  23W. 

This  part  of  the  county  is  traversed  by  a  new  branch  of  the  Soo 
Railroad,  on  which  the  villages  of  Arthyde,  Solana,  McGrath,  and  Red 
Top  have  spnmg  up,  while  farms  are  being  rapidly  developed.  For  sta- 
tistics from  the  census  of  1910  concerning  the  products  of  this  county, 
reference  may  be  made  to  Bulletin  13. 

KANABEC  COUNTY 

Kanabec  Cotmty  is  located  in  eastern  Minnesota  with  Mora  as  the 
county  seat.  The  principal  settlement  and  farming  development  is  along 
or  near  the  lines  of  the  Great  Northern  Railroad,  one  of  which  crosses 
its  southern  part  and  another  touches  its  southwest  comer.  The  surface 
of  the  county  slopes  from  north  to  south,  being  1,200  to  1,300  feet  in 
the  northern  part  and  about  950  feet  in  the  southern.  The  prominent 
moraine  of  red  Patrician  drift  which  crosses  the  northern  part  of  Mille 
Lacs  County  also  passes  through  the  northern  edge  of  this  county,  but 
elsewhere  morainic  features  are  weak  and  much  of  the  surface  is  a  till 
plain.  There  are  a  few  outcrops  of  rock  with  slight  relief  in  the  northern 
part  of  the  cotmty,  but  these  are  chiefly  along  or  near  Snake  River. 

The  Grantsburg  lobe  of  the  Keewatin  ice  field  barely  touched  the 
southern  edge  of  the  county  for  a  few  miles  west  of  Braham.  A  small 
glacial  lake  covered  much  of  the  southeast  township.  This  lake,  how- 
ever, was  apparently  held  up  by  the  Patrician  ice  barrier  on  the  north. 
This  lake  area  was  later  encroached  upon  from  the  south  by  the  Keewatin 
ice.   It  has  a  clay  soil. 

Another  small  glacial  lake  extended  into  the  southwest  comer  of  the 
county  from  southem  Mille  Lacs  County.  This  seems  to  have  been  held 
in  by  the  Keewatin  ice  south  of  it  which  covered  the  lower  course  of 
Rum  River,  the  present  outlet  for  this  region. 

Inteiglacial  valleys  cut  in  the  old  gray  drift  which  tmderlie  this  county 
have  been  only  partly  filled  by  the  later  or  Wisconsin  drift.  Lakes  and 
swamps  occur  along  the  lines  of  these  partially  filled  valleys,  and  gravelly 
Icnolls  also  occur  in  them. 
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P€re9ntug€s  of  Clouts  of  Land  im  Konabte  County 

Square  milei    Per  cent 

Sandy  Boraine«  tandy  to  itony  loam as  4.7 

Clayey  moraine,  clayey  to  itony  loam 5S  zo.3 

Clayey  to  mixed  till  plain,  clayey  to  itooy  loam 346  64.8 

GraTelly   land,   knolly  and   plain • • ao  3.7 

Lake  clay  ao  3-7 

Rock   outcropa    3  o-5 

Swamp    6s  za.3 

534  X00.0 

Farm  and  Crop  Data  for  Kamaboe  County,  from  Consus  of  1910 

Rural  population  Sii'o  or  9.3  per  iquare  mile. 

Per  cent  of  land  in  farma ^ 34.1 

Per  cent  of  farm  land  improrcd 32.1 

Arerage   acrea   per    farm Z14.4 

Arerage   improved  acres  per  farm 36.7 

Value  of  all  farm   property $4,698^x6 

Per  cent  increaae,  1900  to  19x0 ao9.8 

Value  of  all  cropt  in  1909 $447»'55 

Cereala   (oata,  com,  wheat,  barley,   rye) $96,036 

Other    ffraina    and    a^da $Xt89i 

Hay   and    forage*    • $r97»ar8 

Vegetable!    $112,007 

Fruita    and    nuta    $i,754 

All  other  cropt $38,349 

*  Tame  grass,  I9»445  tons;  wild  grass,  8,644  tons. 

MILLE  LACS  COUNTY 

Mille  Lacs  County  embraces  the  southern  end  of  Mille  Lacs  Lake 
and  extends  southward  about  40  miles  beyond  the  lake  in  a  narrow  strip 
12  to  18  miles  wide.  The  land  area  is  583  square  miles  and  the  water 
area  117  square  miles.  The  percentage  of  swamp  land  is  about  the  same 
as  in  Kanabec  County,  or  not  far  from  one  eighth  of  the  county.  The 
northern  part  of  the  county  is  crossed  by  a  prominent  moraine  of  red 
Patrician  drift,  but  the  remainder  is  largely  till  plain  of  red  Patrician 
drift.  A  moraine  of  the  Keewatin  gray  drift  is  found  in  the  south  end 
of  the  county.  In  this  southern  end  there  was  a  small  glacial  lake  imme- 
diately north  of  the  Keewatin  ice  border  whose  bed  is  now  drained  south- 
ward by  Rum  River. 

There  are  a  few  places  where  granite  ledges  are  exposed  along  and 
near  Rum  River  and  its  tributaries.  They  have  slight  relief  above  the 
land  around  them,  and  a  combined  area  of  not  over  2  square  miles. 

As  in  Kanabec  County  the  interglacial  valleys  cut  in  the  old  gray 
drift  are  only  partly  filled  by  the  later  or  Wisconsin  drift,  and  are  now 
occupied  to  some  extent  by  swamps  and  lakes.  The  moraine  of  red 
Patrician  drift  also  incloses  many  lakes  and  swamps. 

The  principal  settlements  and  most  of  the  farming  development  has 
been  along  and  near  the  Great  l^orthem  Railway  lines  in  the  southern 
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part  of  the  county,  and  along  the  border  of  Mille  Lacs  Lake,  near  the 
Soo  Raflway. 

Pirc€utag0S  of  Claues  of  Lamd  tn  MUIm  Lacs  County 

Square  mtlei    Per  cent 

dKfty  to  mixed  red  drift  moraine,  atony  loam 80  i3-7a 

Clayey  gray  drift  moraine,  pebbly  clay  loam.. 5  0.86 

Clayey  to  mixed  red  drift  till  plain,  chiefly  stony  loam 356  61.07 

Clayey  gray  drift  till  plain,  pebbly  clay  loam 5  0.86 

GnTelly  and  landy  ontwath  and  glacial  drainage,  aandy  to  gravelly  loam..  35  (.00 

dacsal   lake   clay ao  3.43 

Rock    ontcropa    a  0.34 

Swamp  landa    80  13.73 

583  100.00 

Farm  and  Crop  DoU  for  MtUt  Lacs  County  from  Consus  of  1910 

Rural  population  a,4ix  or  4  per  iquare  mile. 

Per  cent  of  land  in  larma 33.1 

Per  cent  of  farm  land  improved 39.a 

Average    acrea    per    fiarm •••.•.«...•.• ••••■••••••••.••••.■■•.••.«•.......  96.8 

Average  improved  acres  per  farm 37.9 

Value  of  all  farm  property $5*599im 

Percentage  of  increase,   1900  to   1910 169 

Value  of  all  cropa  in   1909 $680,497 

Cereala   (oata,  com,  wheat,  barley,  rye) $178,259 

Other  grains  and  seeds $4f3oe 

Hay  and  forage*   '. $25i>558 

Vegetables,  chiefly  potatoes $184*748 

Fruits  and   nuts $3tia5 

All  other  crops $58,507 

*  Tame  grass,  38,784  tons;  wild  grass,  12,904  tons. 

SOUTHERN  CROW  WING  COUNTY 

Crow  Wing  County,  of  which  Brainerd  is  the  county  seat,  is  near  the 
center  of  the  state,  and  is  so  situated  that  part  of  its  area  lies  in  the 
northeast  quarter,  part  in  the  northwest  quarter,  and  about  40  per  cent 
in  the  southern  half  of  the  state.  Descriptions  of  the  northern  part  have 
been  given  in  Bulletins  12  and  13. 

Crow  Wing  County  is  drained  entirely  by  the  Mississippi  River  which 
traverses  it  nearly  centrally  from  northeast  to  southwest.  A  large  part 
of  the  county  stands  between  1,200  and  1,300  feet  above  sea  level,  there 
being  only  a  few  square  miles  above  1,300  feet  and  only  narrow  strips 
along  the  valleys  below  1,200  feet.  The  prominent  Mille  Lacs  moraine 
traverses  the  eastern  part  of  the  county.  West  of  it,  occupying  several 
townships  in  the  southern  part  of  the  county,  is  a  till  plain  with  gently 
undulating  surface  and  rich  clayey  to  sandy  loam  soil.  East  of  the  river 
above  Brainerd  there  is  a  diffuse  morainic  belt.  Along  and  west  of  the 
Mississippi  River  there  are  sandy  and  gravelly  plains  which  are  very 
sparsely  settled.  Fine  sand  from  these  plains  has  drifted  to  some  extent 
over  the  till  plains  immediately  south  of  Brainerd,  forming  a  coating 
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from  a  few  inches  to  several  feet  thick  for  a  distance  of  one  to  three 
miles  east  of  the  valley. 

The  moraines  of  the  southern  part  of  the  county  are  largely  of 
gravelly  and  stony  drift,  while  the  outwash  aprons  associated  with  them 
are  also  of  light  sandy  soil. 

Of  about  400  square  miles  in  this  southern  part  of  Crow  Wing 
County,  there  are  130  square  miles  of  clayey  till  lying  southeast  of  Brai- 
nerd  which  includes  most  of  the  farm  land  of  this  part  of  the  cotmty. 

SOITTHERN  CASS  COUNTY 

About  140  square  miles  of  the  southern  end  of  Cass  County  falls 
south  of  the  median  line  of  the  state.  The  remainder  of  the  county  is 
discussed  in  Bulletin  12.  Of  this  southern  part  about  40  square  miles 
are  till  plain  with  clayey  to  stony  loam  soiL  About  25  square  miles  are 
rugged  moraine  with  gravelly  and  loose  textured  drift.  The  remaining 
75  square  miles  are  occupied  by  gravelly  and  sandy  outwash  plains  on 
the  borders  of  Crow  Wing  River.  The  principal  settlement  is  on  the 
till  upland,  but  a  few  small  farms  are  opened  on  the  plains  in  the  Crow 
Wing  valley  along  the  line  of  the  Northern  Pacific  Railroad  in  the 
vicinity  of  Sylvan  and  Pillager  stations. 

MORRISON  COUNTY 

Morrison  County  is  located  in  the  central  part  of  Minnesota  with 
Little  Falls  as  the  county  seat.  The  Mississippi  River  crosses  the  county 
from  north  to  south  a  little  west  of  the  center  and  Crow  Wing  River 
forms  part  of  its  north  border.  There  is  a  broad  belt  of  sandy  land 
along  the  Mississippi,  formed  as  a  glacial  drainage  from  districts  farther 
north.  There  is  another  plain  of  sandy  gravel  with  a  somewhat  more 
loamy  soil  which  lies  a  few  miles  east  of  the  Mississippi  River  in  the 
southern  part  of  the  county.  There  is  also  a  sandy  plain  aloi^  Crow 
Wing  River.  The  greater  part  of  the  coimty  is  a  till  plain  which  is 
encircled  on  the  west  by  a  prominent  red  drift  moraine  which  occupies  the 
northwestern  part  of  this  coimty  and  the  eastern  part  of  Todd  County. 
This  moraine  is  very  complex  and  has  small  outwash  aprons,  as  well  as 
lakes  and  swamps  enclosed  among  its  ridges  and  knolls.  Owing  to  the 
roughness  of  the  surface  and  the  stony  character  of  the  drift,  this  mo- 
raine has  remained  largely  undeveloped,  while  the  neighboring  till  plains 
have  become  more  fully  settled.  The  till  plains  of  the  eastern  part  of  the 
county,  however,  are  only  partly  settled,  but  this  is  due  largely  to  the 
lack  of  railroad  facilities  prior  to  the  recent  construction  of  a  branch  of 
the  Soo  Line  Railroad  across  the  southeast  part  of  the  county. 
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The  till  plains  of  this  county,  like  those  of  Mille  Lacs  and  Kanabec 
counties,  have  so  thin  a  coating  of  the  Wisconsin  red  drift  that  the  inter- 
glacial  valleys  cut  in  the  old  gray  drift  are  only  partly  filled,  and  ex- 
posures of  the  old  gray  drift  beneath  the  red  drift  are  not  rare  along  the 
streams  and  bluffs. 

The  percentage  of  swamp  land  in  this  county  is  very  much  smaller 
than  in  counties  to  the  north  and  east,  there  being,  as  estimated  by  Ralph, 
only  20,000  acres  or  31  square  miles,  which  is  but  2.7  per  cent  of  the 
county. 

Rock  outcrops  are  not  extensive  though  exposures  are  not  infrequent. 
There  is  probably  an  area  of  less  than  10  square  miles  in  which  the  rock 
is  close  to  the  surface. 

Several  sharp  gravel  ridges,  or  eskers,  are  found  on  the  till  plain  or 
leading  into  the  edge  of  the  moraines.  One  such  ridge  leads  past  Darling 
Station  along  or  near  the  Northern  Pacific  Railroad,  northwest  of  Little 
Falls,  for  a  distance  of  about  7  miles.  It  has  been  extensively  drawn 
upon  for  railroad  ballast.  Another  gravel  ridge  southeast  of  Fort  Rip- 
ley, on  the  east  side  of  the  Mississippi,  is  5  or  6  miles  long,  and  a  shorter 
one  is  found  two  miles  farther  soutii  near  Topeka.  There  is  also  a  short 
gravel  ridge  south  of  Motley  in  the  northwest  part  of  the  county.  All 
such  ridges  are  of  much  value  in  furnishing  road  material,  especially 
when  located  in  till  plains. 

Fine  sand  blown  from  the  outwash  and  river  gravels  along  the  Missis- 
sippi extends  the  sandy  soil  areas  eastward  even  onto  the  upland.  Such 
a  dune-sand  tract  lies  southeast  of  Fort  Ripley,  a  larger  one  east  of 
Royalton,  and  a  small  area  at  Little  Falls. 

Ptrcmiagts  of  CUumu  of  Lamd  m  Morriicn  County 

Square  milet    Per  cent 

Honlae  with  sandy  to  gravelly  loam  toil 175  15.31 

Moraine  with  pebbly  clay  loam  soil 70  6.xa 

^■Iten,  or  gravelly  ridgea,  atony  loam  lotl a  0.18 

Oittwuh  gravel  plaini  and  sandy  river  bottoms x8o  xs.75 

Till  pUun  with  pebbly  clay  loam  soil 500  43.75 

Till  pUun  with  mixed  soil 170  14.87 

Swamps  36  3.1$ 

Area  with  rock  near  surface 10  0.87 

1,143  100.00 

Farm  omd  Crop  Dtts  for  Morrison  County  from  Census  of  /p/o 

Rural  population  xSf433  or  13  per  square  mile. 

I^erce&tage  of  land  area  in  farms 51.S 

Per  cent  of  farm  land  improved 49.1 

Average  acres   per   farm 14S.9 

Average  improved  acres  per  farm 7o.a 

Value  of  all  farm  property $i3»696,359 

P«r  cent  of  increase,  1900  to  1910 rai.6 

Total  value   of  crops  in   1909 $if90i«837 

Cweals  (wheat*  oits,  com,  barley,  rye) $i»aso.sao 
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Form  and  Crop  Data  for  Morrison  County  (Continued) 

Other    graixu    and    lecds $5ii7S4 

Har  uid  Horace*   l335>Mi 

Vegetablei     $149,684 

Fruits   and   nuta • • $4*937 

All  other  cropa $I09»7S7 

*Tame  graas,  31,746  tona;  wild  graaa,  45*667.    Each  yielded  about  x.5  tona  per  acre. 

TODD  COUNTY 

Todd  County  is  located  in  the  west  central  part  of  Minnesota  with 
Long  Prairie  as  the  county  seat.  The  drainage  of  about  two  thirds  of 
the  county  is  northward  to  Crow  Wing  River,  chiefly  through  Long 
Prairie  River.  The  southern  end  of  the  county  is  drained  southward  to 
Sauk  River,  and  part  of  the  eastern  edge  is  drained  eastward  to  the 
Mississippi  chiefly  by  Swan  River.  Hardwood  forest  occupied  the  south 
part,  and  mixed  hardwood  and  conifers  the  north  part.  There  were 
small  prairies  on  gravel  plains  near  Long  Prairie  and  Round  Prairie. 

The  most  prominent  topographic  feature  is  a  strong  and  sharply 
ridged  red  drift  morainic  system  in  the  east  part  of  the  cotmty.  It  covers 
a  width  of  3  to  6  miles,  and  contains^  ridges  50  to  75  feet  or  more  in 
height  as  well  as  numerous  basins  and  small  lakes.  This  morainic  system 
is  very  sparsely  settled  in  comparison  with  the  remainder  of  the  county. 

The  Keewatin  ice  field  apparently  had  its  eastern  limit  along  or  near 
the  west  base  of  this  prominent  morainic  system,  but  its  drift  is  thin  in 
this  county  and  generally  plain.  It  includes  a  sharp  morainic  ridge  run- 
ning from  Long  Prairie  southwestward  to  Osakis  Lake,  which  is  scarcely 
one  fourth  mile  in  average  width,  but  rises  50  to  75  feet  or  more  above 
the  bordering  plains. 

The  till  plains  of  this  county  have  a  relatively  thin  veneer  of  young 
or  Wisconsin  drift  over  a  much  eroded  surface  of  old  gray  drift.  The 
present  drainage  lines,  therefore,  usually  follow  broad  swales  marking 
the  courses  of  interglacial  streams.  The  sandy  outwash  plains  and  lines 
of  glacial  drainage  also  occupy  or  follow  the  courses  of  interglacial 
drainage  to  some  extent. 

A  red  drift  till  plain  lies  between  two  red  drift  moraines  in  the  south- 
east part  of  the  coimty  in  the  vicinity  of  Gray  Eagle.  A  till  plain  on  the 
east  of  the  main  moraine  extends  slightly  into  Todd  Coimty,  but  lies 
mainly  in  Morrison  County.  These  till  plains  are  largely  under  cultiva- 
tion.   The  soil  is  usually  a  clayey  to  steny  loam. 

Attention  is  directed  in  the  introductory  chapter  to  the  peculiar  mix- 
ture of  red  drift  rocks  and  gray  drift  in  a  belt  immediately  west  of  the 
prominent  moraine.  This  is  a  loose  textured,  rather  stony  till,  yet  it 
has  a  sufficient  amount  of  clay  to  be  very  productive. 

The  amount  of  swamp  land  or  land  too  wet  to  cultivate  is  estimated 
by  Ralph  to  be  25,000  acres,  or  about  40  square  miles,  which  is  slightly 
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more  than  4  per  cent  of  the  area  of  the  county.  Much  of  this  is  in  sandy 
plains  in  the  northeast  comer  and  in  the  western  edge  of  the  county. 
But  some  of  the  swales  in  the  till  area  where  the  interglacial  valleys  are 
imperfectly  filled  by  the  Wisconsin  drift  have  strips  of  wet  land.  There 
are  also  small  swamps  inclosed  among  the  morainic  knolls  and  ridges. 

P#r  Cm*  cf  Chss€S  of  L4m4  mi  Todd  County 

Square milM    Percent 

Red  drift  morainet  with  nndy  to  gntTelly  loam  soil 184  19.^13 

Gray  drift  moraine  with  sandy  to  gravelly  loam  soil 6  .63 

Gray  drift  moraine  with  pebbly  clay  loam  soil 60  6,mt 

Outwaah  gravel  plains  and  sandy  bottoms • is5  13.0s 

Red  drift  till  plains,  clayey  to  sandy  and  pebbly  soil 58  6.05 

Gray  drift  till  plains,  mainly  pebbly  clay  loam  soil 484  50.57 

Swamps  and  wet  lands 40  4.J0 

957  100.00 

Farm  mkI  Crop  Data  for  Todd  County  from  Consus  of  1910 

Rural  population  16,588  or  17.3  per  square  mile 

Percentage  of  land  area  in  farms , 69.3 

Per  cent  of  farm  land  improved 47,4 

Average   acres   per   farm X4Z*7 

Average  improved  acres  per  farm 67,9 

Value  of  all   farm  property $i5>854,493 

Per  cent  increase,  1900  to   1910 88.a 

Total  value  of  crops  in   1909 $ii97ii99a 

Cereals  produced  (oats,  wheat,  com,  barley,  rye) $x>'23>557 

Other    grains    and    seeds $40,506 

Hay  and  forage*   $395>985 

Vegetables    $181,053 

Fruits  and   nuts $9*484 

All    other    crops $iax,407 

*  There  were  4X|8^4  tons  of  cultivated  and  48,397  tons  of  wild  grasses  cut  The  cultivated 
grasses  yielded  about  1.7  tons  per  acre  and  the  wild  grasses  1.4  tons. 

SOUTHERN  OTTER  TAIL  COUNTY 

Otter  Tail  County  is  located  in  the  western  part  of  Minnesota  with 
Fergus  Falls  as  the  county  seat.  It  has  a  land  area  of  over  2,000  square 
miles  not  including  200  square  miles  of  lake  area.  The  northern  part  of 
the  county  embracing  35  townships,  or  an  area  of  about  1,260  square 
miles,  was  described  in  Bulletin  12,  There  remain  27  townships,  or 
about  972  square  miles  in  the  southern  part  to  be  here  discussed. 

The  entire  area  is  settled  about  as  fully  as  is  consistent  with  profitable 
agriculture  under  present  methods.  There  is  a  large  amount  of  rough 
moraine  with  included  bogs  and  lakes  that  is  now  in  woodland  pasture. 
In  the  prairie  portion,  which  embraces  a  few  townships  in  the  southwest 
part  of  the  county,  nearly  all  of  the  land  that  is  dry  enough  has  been 
brought  under  cultivation. 

The  greater  part  of  the  southern  half  of  Otter  Tail  G)unty  is  drained 
westward  through  Otter  Tail  River  and  its  branches  to  the  Red  River 
valley.     The  eastern  part  is  drained  northeastward  into  Crow  Wing 
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River  and  thence  into  the  Mississippi.  Lakes  are  a  conspicuous  feature 
in  nearly  every  tovmship,  but  are  very  small  in  the  western  range  of 
townships. 

The  most  prominent  topographic  feature  is  the  intricate  system  of 
moraines  which  was  formed  on  the  east  side  of  the  Keewatin  ice  field, 
as  noted  in  the  general  discussion  of  the  features  of  that  ice  field.  There 
are  only  narrow  strips  of  till  plain  in  the  county.  The  total  area  of  till 
plain  in  the  three  southern  tiers  of  townships  is  estimated  to  be  1 60 
square  miles,  or  16.5  per  cent  of  the  area.  The  greater  parts  of  the 
moraines  of  this  county  have  a  sandy  to  gravelly  loam  soil,  but  those  in 
the  western  part  in  the  prairie  portion  of  the  county  have  a  clay  loam  soil. 

About  50  square  miles  along  the  western  edge  of  the  county  were 
covered  by  the  waters  of  the  glacial  Lake  Agassiz.  The  surface  here  is 
very  flat  and  the  soil  is  largely  a  silty  loam  or  fine  sand.  The  shore  lines 
of  the  lake  are  of  fine  gravel  suitable  for  road  ballast. 

There  are  two  very  extensive  outwash  plains,  each  with  an  area  of 
several  tovmships,  associated  with  the  moraines  in  this  county.  One  in 
the  eastern  part,  known  as  the  Parkers  Prairie  Plain,  has  an  altitude  of 
1450  to  1,500  feet,  and  slopes  northeastward  to  Crow  Wing  River.  It 
is  an  outwash  from  a  prominent  moraine,  known  as  the  Leaf  Hills,  which 
runs  along  its  western  border,  and  from  which  a  very  prominent  spur, 
known  as  Leaf  Mountain,  extends  southwestward  to  Christina  Lake. 

To  the  west  of  the  Leaf  Hills  there  is  a  narrow  till  plain  succeeded 
by  another  extensive  outwash  plain  which  surrounds  Otter  Tail  and 
Battle  lakes  and  which  was  formed  as  an  outwash  from  the  great  morainic 
system  lying  west  of  it.  These  outwash  plains  have  a  rather  light  sandy 
loam  soil,  but  they  were  among  the  earliest  areas  in  the  county  to  be 
farmed,  and  are  still  yielding  good  returns  under  skillful  management. 

DOUGLAS  COUNTY 

Douglas  County  is  situated  in  western  Minnesota  with  Alexandria  as 
the  county  seat  Its  land  area  is  648  square  miles,  and  its  lakes,  which 
are  very  numerous,  are  estimated  to  occupy  72  square  miles.  The  eastern 
part  of  the  county  is  drained  northeastward  through  Long  Prairie  River 
to  Crow  Wing  and  thence  to  the  Mississippi;  but  the  remainder  of  the 
cotmty  slopes  southwestward  and  drains  in  that  direction  to  the  Chip- 
pewa, which  flows  southward  into  Minnesota  River.  The  greater  part 
of  this  county  was  timbered  with  hardwood,  but  prairie  extended  into 
its  western  e4g€. 

The  western  half  of  the  county  is  very  largely  occupied  by  a  promi- 
nent morainic  system  which  formed  along  the  east  side  of  the  Keewatin 
ice  sheet.    There  are  extensive  outwash  plains  of  sandy  gravel  along  the 
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eastern  edge  of  this  morainic  system.  Farther  east  there  are  till  plains 
which  extend  into  Todd  County.  These,  as  well  as  the  morainic  system, 
have  a  sheet  of  young  gray  drift  formed  by  the  Keewatin  ice  field. 

The  morainic  areas  as  well  as  the  till  plains  are  largely  under  culti- 
vation, and  they  are  chiefly  of  clayey  till  with  pebbly  clay  loam  soil.  The 
gravel  plains  have  a  light  sandy  loam  soil.  They  are  largely  under  cul- 
tivation, and  except  in  very  dry  seasons  have  a  good  yield  of  cereals. 

Ptreentaggs  of  dassts  of  Land  in  Douglas  County 

Square  miles  Per  cent 

Moraine  with  landy  to  fra^elly  loam  soil 75  ix.59 

Moraine  with  pebblr  day  loam  soil a88  44-44 

Outwash  gravel  and  sand  plains 135  ao.83 

Tin  plains  with  prevailing  day  loam  soil. .'. 150  23.14 

648  100.00 

Farm  and  Crop  Data  for  Douglas  County  from  Consus  of  1910 

Rural  population  12,165  or  x8.8  per  square  mile 

Per  cent  of  land  area  in  farms 85.4 

Per  cent  of  farm  land  improved 6a.o 

Average   acres   per   fiarm 156.5 

Average  improved  acres  per  farm 97*o 

Value  of  all  farm  property $x6,3XJ,sa4 

Per  cent  of  increase,  1900  to  1910 97«a 

Value  of  all  cropo  in  1909 ^,434,300 

Cereals   (wheat,  oats,  barley,  com,  rye) $i»i75>703 

Other  grains  and  seeds |97>7SI 

Hay   and   forage*    $3io,s68 

Vegetables     $65,971 

Fruits  and  nuts   $10,250 

All  other  crops , $73f  Sas 

*Tame  grass,  38,775  tons;  wild  grass,  43*831  tons. 

GRANT  COUNTY 

Grant  County  is  situated  in  the  western  part  of  Minnesota  with  Elbow 
Lake  as  the  county  seat.  This  is  a  prairie  county  with  only  narrow 
fringes  of  timber  along  lakes  and  streams.  The  eastern  part  of  the 
county  is  drained  southward  through  the  Pomme  de  Terre  and  Chippewa 
rivers  to  the  Minnesota.  The  western  part  is  drained  westward  through 
Mustinka  River  to  Lake  Traverse,  and  thence  northward  by  Red  River 
to  Hudson  Bay. 

About  128  square  miles  in  the  western  part  of  the  county  were  covered 
by  the  waters  of  the  glacial  Lake  Agassiz.  The  remainder  of  the  county 
is  largely  a  till  plain  of  young  gray  drift.  The  eastern  edge  is  strongly 
morainic,  and  there  are  narrow  moraines  of  feeble  expression  leading 
north  to  south  across  the  county.  Narrow  strips  of  gravelly  and  sandy 
land  border  the  Chippewa,  the  Pomme  de  Terre,  and  the  south  flowing 
part  of  the  Mustinka  rivers,  which  appear  to  mark  lines  of  glacial  drain- 
age. Several  of  the  higher  lakes  of  this  county  have  been  drained  by 
deep  ditching  and  their  beds  converted  into  farm  land.    Several  others 
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of  the  lakes  are  in  the  bottom  of  valleys  that  appear  to  be  partially  filled 
interglacial  valleys.  Some  partly  filled  valleys  are  without  streams,  and 
these  present  a  rougher  topography  than  the  bordering  upland,  with  some 
likeness  to  morainic  topography,  but  this  topography  seems  to  have  been 
developed  locally  because  of  irregularity  of  the  ice  movement  in  its  pas- 
sage across  the  valleys. 

Ptretnmget  of  CUssts  of  Lomd  m  GrmU  County 

Square  aules    Per  cent 

Morainei  chiefly  with  pebbly  cby  Iomb  miI loo  i8.«8 

GrtTelly  outwash  and  nndy  giadal  drainage 3$  6.33 

Till  pUanM  with  preraittiic  clay  loam  aoil apo  52.44 

Saiif^  depoaita  of  Lake  Agaaiia a^  5.06 

Clayey  depoaita  of  Lake  Agaiais zoo  1S.08 

553  99-M 

Form  and  Crop  Dota  for  GrotU  County  from  Census  of  19m 

Rural  popnlation  6,379  or  11.4  per  aqaarc  mile 

Per  cent  of  land  area  in  farms j, 83J 

Per  cent  of  farm  land  improved. S6.t 

Average   acrei   per   farm a5o.a 

Average  improved   acres  per  farm -             aiy^a 

Valne  of  all   farm  property $i3y4Sa,3aa 

Per  cent  of  increase,   1900  to  xpio • XJI.4 

Value  of  ail  cropa  in   1909 $a,a3J,674 

Cereals    (oats,   wheat,   barley,  com,  rye) |ifS3Sti7S 

Other  grains  and  seeds $167,687 

Hay  and  forage*   $198^1 

Vegetables    U^A^ 

Fruits   and    nuts • $n,4O0 

All   other  crops $5»i04 

*  Tame  grass,  a3f99x  tons;  wild  grass,  98,738  tons. 

WILKIN  COUNTY 

Wilkin  Comity  is  on  the  western  edge  of  Minnesota  with  Brecken- 
ridge  as  its  comity  seat,  and  has  an  area  of  745  square  miles.  With  the 
exception  of  about  50  square  miles  in  the  northeast  part  it  was  covered 
by  the  waters  of  Lake  Agassiz.  Its  surface  is  consequently  level  and 
nearly  featureless.  There  is,  however,  a  fall  of  over  300  feet  in  crossing 
the  county  from  east  to  west  along  the  northern  line  in  a  distance  of  about 
25  miles.  In  the  southern  end  of  the  county  the  fall  is  about  50  feet  in 
a  distance  of  15  miles.  The  county  had  few  natural  lines  of  drainage, 
but  side  ditches  follow  nearly  all  the  highways  and  receive  water  from 
tile  drains  on  the  farms  and  carry  it  to  natural  drainage  lines.  Otter  Tail 
River  and  Rabbit  Creek  run  across  the  southern  part  of  the  county  and 
Deerhom  Creek  its  northeast  comer,  while  Bois  des  Sioux  and  Red  River 
flow  on  the  west  border. 

The  percentages  of  classes  of  land  in  the  northern  part  of  the  county 
have  been  given  in  Bulletin  12.  In  that  part  of  the  county  there  are  50 
square  miles  of  clayey  moraine  and  till  plain,  with  pebbly  day  loam  soil, 
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standing  above  the  level  of  Lake  Agassiz.  But  in  the  part  south  of  the 
median  line  of  the  state  only  about  2  square  miles  of  till  plains  stood  above 
the  lake  limits.  In  the  northern  part  there  are  about  i6o  square  miles 
of  lake-washed  drift  with  pebbly  soil  and  but  a  slight  cover  of  lake  silt, 
and  about  90  square  miles  covered  by  lake  sand.  There  thus  remain  only 
70  square  miles  of  that  part  with  sufficiently  heavy  deposits  of  lake  silt 
to  make  a  black  clay  loam  soil.  In  the  southern  part  of  the  cotmty  the 
lake  silt  and  black  clay  loam  soil  form  a  strip  several  miles  wide  border- 
ing Red  River  and  the  Bois  des  Sioux.  As  one  passes  eastward  the 
silt  thins  out  gradually,  so  that  clayey  till  is  at  the  surface,  or  within  reach 
of  the  plow,  in  the  eastern  part  of  the  cotmty.  The  soil  is  somewhat  sandy 
near  Foxhome  and  east  of  Nashua,  but  grades  into  clay  loam  at  the  west. 

The  shore  lines  of  Lake  Ag^assiz  are  usually  gravelly  ridges  which 
furnish  good  building  sites  and  roadways,  and  were  thus  used  extensively 
in  the  early  days  of  settlement.  These  shore  lines,  though  running  for 
long  distances,  have  an  aggregate  area  of  but  a  few  square  miles,  prob- 
ably less  than  i  per  cent  of  the  county. 

The  census  for  1910  reports  about  44  square  miles  of  wild  grass  cut 
in  1909.  This  grass  was  in  areas  that  were  still  too  wet  for  cultivation. 
There  is  probably  not  more  than  100  square  miles  of  poorly  drained  land 
remaining  in  the  cotmty,  and  part  of  this  can  be  reclaimed  by  systematic 
ditching. 

Farm  amd  Crop  Data  for  IVilkin  County  from  Cfnstu  of  19x0 

Rural  pofraUtioa  StS^s  or  7.5  per  aqtiare  mile 

Per  cent  of  land  area  in  farms 70.S 

Per  cent  of  farm  land  improved 94-7 

Averace    acres   per   farm 340.S 

ATerage   improved  acres  per  farm 3aj.S 

Value  of  all  farm  property $1  sfizt,Z9A 

Per  cent  of  increase,  1900  to  X910 Z18.3 

Vahie  of  all  crops  in  1909 $2,415,558 

Cereals  prodnced  in  1909  (wheat,  oats,  barley,  corn,  rye) $2,010,1 19 

Other    grains    and    seeds $123,043 

Hay   and    forage*    $187,103 

Vegetables   $90,159 

Frtdts   and  nuts %iA^A 

All  other  crops $3*671 

*  Tame  grass,  x 6,641  tons;  wild  grass,  25,733  tons. 

TIIAVEUSE  COUNTY 

Traverse  County  is  situated  on  the  western  border  of  the  state  with 
Wheaton  as  its  county  seat.  It  is  a  prairie  county  and  there  is  very  little 
land  that  is  not  under  cultivation.  Such  land,  however,  is  found  along 
the  bluffs  and  ravines  on  the  borders  of  Lake  Traverse  which  are  too 
rough  to  cultivate.  There  are  also  several  miles  of  swamp  land  in  the 
northeast  part  of  the  county  along  the  Mustinka  valley  and  between  that 
valley  and  Tintah  which  are  being  reclaimed  by  ditching.    The  drainage 
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is  nearly  all  northward  to  the  Red  River  valley.  Mustinka  River  and 
its  tributaries  ramify  the  eastern  part,  while  Lake  Traverse  and  Bois  des 
Sioux  River  discharge  along  the  west  border  to  Red  River.  A  few  square 
miles  in  the  southwest  comer  are  tributary  to  Big  Stone  Lake  and  Minne- 
sota River. 

Only  the  southern  end  of  the  county  stood  above  the  level  of  Lake 
Agassiz,  and  this  is  occupied  by  a  till  plain  except  two  narrow  morainic 
strips  which  cross  the  area  between  Lake  Traverse  and  the  south  end 
of  the  Lake  Agassiz  area.  The  western  of  these  morames  has  many 
small  knolls  and  a  diversified  soil,  but  the  eastern  one  has  a  gently  un- 
dulating surface  and  a  somewhat  uniform  pebbty  clay  loam  soil  similar 
to  that  of  the  bordering  till  plain. 

This  county  embraces  the  head  of  the  outlet  of  Lake  Agassiz,  and 
there  are  channels  cut  in  the  bed  at  the  lower  levels  of  the  lake  along  the 
entire  west  side  of  the  county  and  also  along  the  southwest  flowing  por- 
tion of  Mustinka  River,  but  in  the  higher  stages  the  lake  opened  directly 
into  the  large  valley  now  occupied  by  Lake  Traverse.  The  highest  limits 
of  Lake  Agassiz  waters  were  1,065  to  1,070  feet,  but  the  outlet  was  cut 
down  to  about  970  feet  during  subsequent  southward  discharge  of  the 
lake. 

There  are  very  bowldery  areas  in  central  and  northwestern  Traverse 
County  within  the  limits  of  the  Lake  Agassiz.  The  bowlders  were  prob- 
ably dropped  in  part  directly  from  the  shrinking  ice  border.  The  erosion 
of  the  channels  above  noted  may  abo  have  tended  to  concentrate  them. 

At  the  extreme  southern  end  of  the  Lake  Agassiz  area  in  T.  126, 
Rs.  45  and  46W.,  and  the  southeast  part  of  T.  127,  R.  45W.,  there  is  a 
coating  of  fine  sandy  loam  nearly  free  from  pebbles  with  a  depth  of  2 
to  5  feet,  so  the  till  diere  is  seldom  exposed.  But  elsewhere  in  the  county 
the  till  in  the  lake  bed  is  very  scantily  covered  with  lake  sediment.  The 
northern  end  of  the  county  has  a  black  clay  loam  soil,  but  even  there  a 
pebbly  day  or  till  is  found  at  a  depth  of  a  few  inches. 

The  shore  lines  of  Lake  Agassiz  are  composed  of  sandy  gravel.  There 
are  also  gravel  bars  and  small  areas  of  sandy  gravel  on  a  high  tract  be- 
tween the  low  channels  of  the  lake  crossed  by  the  Milwaukee  and  St  Paul 
Railroad  just  before  it  passes  into  South  Dakota.  Some  of  these  gravel 
bars  are  at  the  level  of  the  Norcross  beach,  and  others  at  the  level  of 
the  Tintah  beach.  The  main  shore  of  the  Tintah  beach  follows  the  east 
side  of  the  southwest  flowing  portion  of  the  Mustinka  River. 
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Ptrc0mUg9S  of  CIcMsgg  of  Lamd  iii  Trmftru  ComUy 

Square  milei    Per  cent 

Moraine  chiefly  dayey,  wHh  peliUy  day  loam  aoil 36  6.34 

Tin  plain  with  pdtbly  day  loam  aoil iSo  ad^z 

Lake-waabed  tin  in  bed  of  Lake  Agaaais a4o  4a^4 

Sandy  to  anndy  loam  leil  in  bed  of  Lake  Agaaaia 90  15.S3 

Gravdly  benchca  and  bart 4  o.yi 

Manhea  and  bogs 18  3.17 

Black  day  loam,  lacottrine 30  5J18 

568  99.9S 

Fonw  and  Crop  Data  for  Trmforso  County  from  Consus  of  ipio 

Rural  population  5»aB6  or  9  per  iqiiare  mile 

Per  cent  of  land  area  in  farms 87^ 

Per  cent  of  farm  land  improved 9S.8 

Average   acrea   per   farm 337.1 

Average  improved  acres  per  farm • 3aa.9 

Value  of  all   farm  property $i6»s96^39 

Per  cent  of  increaae,  1900  to  19x0. ••• i3a.o 

Value  of  all  cropa  in  1909 $s,7JO»07a 

Cereala   (wheat,  oats»  barley,  com,  rye) $a>333i966 

Other  grains  and  aeeds • $171,316 

Hay   and    forage*    $176,589 

Vegetables    $34»700 

Fruits   and    nuts $9,535 

All  other  crops $916 

*Tanie  grass,  ai,i63  tons;  wild  grass,  ao,68x  tons. 

BIG  STONE  COUNTY 

Big  Stone  County  is  situated  on  the  western  border  of  the  state,  with 
OrtonviUe  as  the  county  seat,  and  has  an  area  of  491  square  miles.  The 
drainage  is  mainly  to  the  Minnesota  River,  but  the  northeast  comer 
drains  northward  to  Mustinka  River  and  the  Red  River  of  the  North. 
The  natural  drainage  lines  are  very  imperfect  and  large  ditches  have 
been  carried  along  highways  to  connect  with  the  natural  drainage  lines. 
The  dividing  ridge  in  the  northeast  part  of  the  county  is  1,170  to  1,180 
feet,  or  fully  100  feet  above  the  highest  shore  of  Lake  Agassiz  and  over 
200  feet  above  Big  Stone  Lake.  It  has  the  appearance  of  an  overridden 
moraine,  for  there  are  numerous  basins  and  swales  along  it;  but  the 
prominent  parts  have  a  smooth  surface  of  clayey  calcareous  till  like  that 
of  the  till  plains  of  this  region. 

The  greater  part  of  Big  Stone  G)unty  is  a  till  plain  with  pebbly  clay 
loam  soil.  It  is  thickly  set  with  small  lakes  and  basins,  estimated  to 
occupy  about  10  per  cent  of  the  surface.  There  is  a  morainic  belt  in  the 
northwest  part  of  the  cotmty  leading  southward  past  Beardsley  to  Big 
Stone  Lake.  It  follows  the  south  side  of  that  lake  in  South  Dakota,  but 
comes  back  into  Minnesota  at  the  southeast  end  of  the  lake  and  traverses 
the  south  part  of  Big  Stone  County,  making  a  detour  northward  around 
the  head  of  a  sandy  outwash  plain  east  of  Odessa.  There  is  an  outwash 
plain  along  much  of  its  border,  both  in  northwestern  and  in  southern  Big 
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Stone  County.  The  outwash  plains  stand  50  to  75  feet  above  the  broad 
bottoms  of  the  Minnesota  valley.  In  places  there  are  islands  in  the  valley 
with  the  outwash  preserved  on  them,  one  of  which  is  to  be  seen  in  the 
village  of  Odessa,  and  others  farther  east 

In  the  Minnesota  valley  there  are  ledges  of  granite  occupying  perhaps 
10  per  cent  of  its  bottoms,  around  which  granite  bowlders  are  numerous 
over  large  areas.  A  considerable  part  of  the  valley  is  also  too  wet  for 
cultivation. 

The  soil  on  the  moraines  is  a  loose  textured  clayey  to  gravelly  loam, 
and  occasional  gravel  knolls  are  present.  The  outwash  plains  have  a 
rather  light  sandy  soil. 

Percentttgcs  of  Classes  of  Land  in  Big  Stone  County 

Square  miles  Per  cent 

lionlne  chieiy  of  pebbly  day  loam  toil 75  15.28 

Otitwaah  sand  and  graTcl  plaina  (outaide  liinaeaoU  Talley) s<  10.59 

Till  piaiaa  iacludlaff  po&da  and  baaint,  laricly  of  pebbly  clay  loam  aoil 331  67.41 

liianeaoCa  hottowa  (iacludtiic  rocky  ledgea) 33  6.7> 

491  100.00 

Fmrm  and  Crop  DaU  for  Big  Stoma  County  from  Census  of  1910 

Rvfal  population  5,16s  or  10.S  per  oqvara  mile 

Per  etnt  of  land  area  in  farma po.o 

Per  cent  of  farm  land  improved S5-> 

Average  acrca  per  farm •94-4 

Average  improved  acrea  per  farm JS*-^ 

Value  of  all  farm  property |i4,a6a,aS7 

Par  cent  of  increaac  xpoo  to  1910 x  jx.8 

Value  of  all  cropa  in  1909 |a.43i^5s 

Ceraala  (wheat,  oata,  barley,  oom,  rye) $St074>l99 

Otker  gralna  and  aeeda $isi»a76 

Hay  and  forage* $xs8,6at 

Vcgetablea    $40,505 

Fruita  and  nuta  l4«49i 

All  ether  cropa $3,163 

*Tame  graaa,  18,694  torn;  wild  grata,  34^21  tona. 

STEVENS  COUNTY 

Stevens  County  lies  east  of  Big  Stone  and  Traverse  counties  in  the 
western  part  of  the  state,  with  Morris  as  the  county  seat.  It  has  a  land 
area  of  564  square  miles,  while  small  lakes  give  an  additional  area  of 
about  12  square  miles.  The  drainage  is  mainly  southward  through 
Pomme  de  Terre  and  Chippewa  rivers  to  the  Minnesota,  but  the  north- 
west comer  of  the  county  drains  northwestward  to  the  Red  River 
drainage. 

Pomme  de  Terre  River  leads  through  several  lakes.  There  are  also 
lakes  on  the  uplands  each  side  and  in  partially  filled  interglacial  valleys. 
Those  on  the  uplands  have  in  some  cases  been  completely  drained  by  deep 
ditching,  and  their  beds  converted  into  farm  land. 
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The  greater  part  of  the  county  is  a  plain  of  clayey  till  with  black  clay 
loam  soil.  The  surface  is  somewhat  rougher  and  the  character  of  the 
soil  more  variable  in  some  filled  interglacial  valleys  than  on  the  higher 
and  smoother  tracts  above  them. 

There  is  a  moraine  along  part  of  the  east  edge  of  the  county.  There 
are  also  other  lines  of  knolly  land  suggesting  later  ice  borders  in  the 
interior  of  the  county.  Strips  of  gravelly  land,  formed  by  glacial  drain- 
age, occur  along  Pomme  de  Terre  and  Chippewa  valleys,  and  a  sandy 
plain  of  considerable  extent  spreads  from  southeastern  Stevens  County 
east  and  south  into  Pope  and  Swift  cotmties. 

A  few  square  miles  in  the  northwest  part  of  the  county  were  covered 
by  Lake  Agassiz,  and  the  soil  there  is  sandy  with  gravelly  strips  along 
the  shores. 

Just  outside  the  limits  of  Lake  Agassiz,  there  is  a  narrow  strip  ex- 
tending back  about  to  the  i,ioo  foot  contour,  which  carries  a  thin  de- 
posit of  fine  sand  and  silt.  This  appears  to  be  due  to  a  ponding  of  the 
waters  along  the  edge  of  the  ice  while  it  was  occupying  the  low  land 
later  covered  by  Lake  Agassiz.  Elsewhere  in  the  county  the  till  plains 
are  not  covered  with  such  silt,  but  have  a  pebbly  clay  loam  soil,  much  of 
it  of  dark  color. 

Ptrc9tU9g€S  of  CUs$€t  of  Land  in  Stevons  County 

Square  miles    Per  eent 

Moraine  chiefly  of  pebbly  clay  loam  toil 30  s.3a 

Grsvelly  and  nndy  outwash  plaini 35  6.ao 

Sandy  loam  of  ponded  waters 3S  6.30 

Sand  and  frarel  of  Lake  Agassis  shores  and  bed 4  0.71 

Tin  plain  chiefly  of  pebbly  clay  loam  soil 460  81.56 

564  99.99 

Fmrm  and  Crop  Data  for  Stevens  County  from  Census  of  rgio 

Rural  population  Si4So  or  ^.7  per  square  mile 

Per  cent  of  land  area  in  farms 84.S 

Per  cent  of  farm  land  improred 86.7 

Arerace  acres  per  farm 300.4 

Average  inq>roved  acres  per  farm a6o.6 

Value  of  all  farm  property $i3»774ii9x 

Per  eent  of  increase  1900  to  1910 107.0 

Value  of  all  crops  in   1909 $',335,888 

Cereab    (wheat,   oats,   barley,   com,    rye) $1,914,060 

Other  graina  and  seeds $143,209 

Hay  and  forage*  $236,594 

Vegetablea  $37,X73 

Fruits   and   nuts $z»699 

All  other  crops $3,i53 

*  Tame  grass,  37,353  tons;  wild  grass,  37,959  tons. 

POPE  COUNTY 

Pope  County  is  located  in  the  west  central  part  of  the  state,  with 
Glenwood  as  the  county  seat.    It  embraces  20  townships  or  about  720 
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square  miles,  of  which  27  square  miles  are  in  lakes,  leaving  a  land  area 
of  693  square  miles.  Lake  Minnewaska,  on  the  shores  of  which  Glenwood 
stands,  covers  an  area  of  about  13  square  miles. 

The  drainage  is  nearly  all  southward  and  southwestward  through 
Chippewa  River  and  its  tributaries  to  the  Minnesota;  but  the  eastern 
edge  of  the  county  is  drained  eastward,  partly  by  Sauk  River  and  partly 
by  Crow  River  to  the  Mississippi. 

In  Pope  County  the  great  morainic  system  formed  on  the  east  side 
of  the  Keewatin  ice  field  turns  from  a  southward  to  an  eastward  course, 
and  a  very  extensive  outwash  apron  occupies  this  angle  outside  the 
morainic  system.  It  covers  several  townships  in  the  east  part  of  Pope 
County,  and  in  southwestern  Steams  and  northern  Kandiyohi  counties. 
This  outwash  plain  is  very  elevated,  its  highest  part  being  above  1400 
feet,  and  it  slopes  northeastward  to  about  1,300  feet  at  its  eastern  edge. 
Only  a  small  part  of  the  great  morainic  system  is  as  elevated  as  this  out- 
wash  area.  In  the  western  part  of  the  cotmty  there  is  a  moraine  which 
follows  down  Chippewa  valley,  and  this  has  an  outwash  plain  covering 
the  southwest  part  of  the  county,  which  stands  1,050  to  1,100  feet.  A 
narrow  till  plain  in  western  Pope  County  lies  between  this  moraine  and 
the  large  morainic  system  to  the  east.  There  is  also  a  till  plain  east  of  the 
great  outwash  plain  in  the  northeast  part  of  Pope  County. 

There  is  some  rough  land  in  the  morainic  areas  with  very  stony  soil, 
and  the  drift  is  loose  textured  and  gravelly  for  a  short  distance  next 
to  the  outwash  plain.  But  a  large  part  of  the  great  morainic  system  has 
a  pebbly  clay  loam  soil.  The  till  plains  have  a  somewhat  uniform  pebbly 
clay  loam  soil.  The  outwash  plains  of  eastern  Pope  County  have  a  light 
sandy  soil,  but  there  are  boggy  depressions  of  considerable  extent  scat- 
tered over  it  which  contain  muck  and  peat.  The  sandy  plain  of  the 
southwest  corner  of  the  county  has  a  light  soil,  and  it  also  is  traversed  by 
boggy  depressions  with  mucky  soil. 

Ptrcentages  of  ClasMet  of  Land  in  PoP€  County 

Square  milet  Per  cent 

Moraine,  chiefly  of  pebbly  clay  loam  soil,  with  included  boggy  land... 300  43-^ 

Gravelly  and  sandy  outwash  plains  with  included  bogs aoo  a8.86 

Till  plains  with  mixed  soil,  partly  sandy  and  gravelly 38  5.48 

Till  plains  chiefly  with  pebbly  clay  loam  soil 155  22.37 

693  X  00.00 

Farm  and  Crop  Data  for  Pope  County  from  Census  of  1910 

Rural  population  9,157  or  14.65  per  square  mile 

Per  cent  of  land  area  in  farms 84.2 

Per  cent  of  farm  land  improved 76.7 

Average  acres  per  farm 226.4 

Average  improved  acres  per  farm x  73.7 

Value   of  all   farm   property |z5>479»i63 

Percentage  of  increase  1900  to  19x0 X03.0 
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Farm  and  Crop  Data  for  Popo  County  (ConHnutd) 

Value  of  all  crops  in  1909 Mi63i|079 

Cereals  (wheat,  oats,  barley,  com,  rye) iaf079>90x 

Other  grains  and  seeds $X95>S65 

Hay  and  forage*  $a9a,49i 

Vegetables  $38,183 

Fruits  and  nuts $6,589 

All   other  crops $t8^5o 

*Tanie  grass,  33,919  tons;  wild  grass,  46,050  tons. 

STEASNS  COUNTY 

Steams  County  is  located  in  the  south  central  part  of  the  state,  with 
St.  Qoud  as  the  county  seat.  The  entire  county  drains  eastward  to  the 
Mississippi  which  forms  its  eastern  boundary.  Sauk  River  is  the  main 
drainage  line  within  the  county,  but  the  southwest  part  is  drained  by 
Crow  River,  and  the  southeast  and  the  northeast  parts  by  smaller  drainage 
lines  directly  tributary  to  the  Mississippi. 

The  eastern  part  of  the  county  has  a  prominent  morainic  system  of 
the  Patrician  red  drift,  as  well  as  till  plains  and  outwash  plains  of  red 
drift.  But  the  central  and  western  parts  are  covered  by  the  Keewatin 
gray  drift  which  overlaps  the  western  edge  of  the  red  drift.  The  gray 
drift  also  covers  the  southern  edge  of  the  cotmty  clear  out  to  the  Missis- 
sippi. Its  border  crosses  that  stream  6  or  7  miles  below  St.  Qoud.  Lines 
of  glacial  drainage  from  the  gifay  drift  carried  gravel  containing  much 
limestone  down  to  the  Mississippi  through  areas  of  red  drift  in  the 
southeast  part  of  the  cotmty  and  spread  it  as  far  north  as  St.  Joseph  and 
St.  Qoud.  At  that  time  there  was  eastward  drainage  along  the  north 
side  of  the  Grantsburg  lobe  from  the  Mississippi  to  the  St.  Croix  River. 

The  gray  drift  in  northwestern  Steams  County  has  an  attenuated  edge 
that  extends  several  miles  east  of  the  first  well  defined  moraine.  This 
moraine  follows  Sauk  River  valley  from  Sauk  Center  to  New  Munich 
on  the  south  side  of  the  stream  and  then  crosses  to  the  north  side  and 
runs  eastward  to  Cold  Spring.  There  is  another  till  plain  on  the  south- 
west side  of  this  moraine,  extending  to  the  great  gravel  plain  formed 
along  the  outer  edge  of  the  strong  morainic  system  in  Pope  Coimty.  The 
outer  member  of  that  morainic  system  comes  into  the  southern  part  of 
Steams  County  near  Paynesville,  and  runs  northeastward  nearly  to  Cold 
Spring  and  then  tums  southward,  and  passes  into  Meeker  Cotmty  south 
of  Kimball. 

The  red  drift  area,  and  the  east  part  of  the  gray  drift  in  this  county 
were  covered  by  forest,  but  the  southwest  part  of  the  county  was  prairie 
except  some  bmshy  land  on  the  gravel  plain. 

There  are  numerous  small  outcrops  of  granite  in  the  eastern  part 
of  the  county  along  the  Mississippi  and  the  Sauk  River  valleys,  and  also 
in  the  northwest  part  at  Melrose  and  at  Sauk  Center.  The  largest  area 
is  in  western  St.  Cloud  Township,  where  it  is  at  or  near  the  surface  over 


Digitized  by  VjOOQIC 


82  SURFACE  FORMATIONS  OF  MINNESOTA 

several  square  miles.  The  combined  areas  of  outcrops  in  the  cotmty  are 
estimated,  however,  to  be  not  more  than  lo  square  miles,  and  part  of  this 
has  soil  enough  to  be  farm  land. 

The  area  of  wet  land  is  estimated  by  Ralph  to  be  62  square  miles. 
This  apparently  includes  the  lakes  as  well  as  swamps  and  peat  bogs. 
Some  of  the  lakes  are  shallow  enough  to  be  drained  by  deep  ditching. 

The  moraines  of  red  drift  are  in  places  so  rough  and  stony  that  they 
are  still  in  forest.  There  is,  however,  a  considerable  part  of  the  red  drift 
with  only  a  moderate  number  of  bowlders  and  cobble  stones.  The  red 
drift  till  plains  are  largely  cleared  and  farmed.  The  gray  drift  area,  both 
in  moraines  and  till  plains,  is  of  high  fertility,  much  of  it  being  a  pebbly 
clay  loam.  The  outwash  plains  both  of  gray  drift  and  red  have  a  light 
soil  but  are  extensively  cultivated. 

PtreeniagM  of  CIuum  of  Land  im  SUoims  Couniy 

Sqvare  miles    Per  cent 

GrmTcUy  red  drift  moraine,   Mndjr  and  itony  loam lis  S.44 

Clayey  red  drift  moraine,  pebbly  clay  loam SS  4.03 

Red  drift  till  plain,  chiefly  pebbly  clay  loam lao  8.81 

Red  drift  ontwaah,  sandy  and  stony  loam $0  3.67 

Gray  drift  moraine,  chidly  pebbly  clay  loam 150  1 1.01 

Gray  drift  till  plain,  chidly  pebbly  clay  loam 430  31.57 

Gray  drift  ovtwuh,  sandy  and  stony  loam 370  S7.X6 

Swamps  and  peaty  bogs 6s  4.5s 

Rocky  areas xo  0.74 

t>36s  99-93 

Form  omd  Crop  Data  for  Stomms  County  from  Connu  of  19JO 

Rural  population  26,941  or  *<>  P^r  iQuare  mile 

Per  cent  of  land  area  in  farms 87.3 

Per  cent  of  farm  land  improved S9>4 

Average  acres  per  farm 178.9 

Average  improved  acres  per  farm 106.3 

Value  of  all  farm  property $34t54B,4ai 

Per  cent  of  increase  1900  to  1910 85.4 

Value  of  all  crops  in  1909 $5t384«3'7 

Cereals   (wheat,  oats,  com,  barley,  rye) $4*t73,967 

Other  grains  and  seeds $i6x,8aa 

Hay  and  forage* $6i7,3a6 

VegeUbles   $ax9,733 

Fruits  and  nuts $(St9o6 

All  other  crops $i93fS73 

*Tame  grass,  50,001  tons;  wild  grass,  106,587  tons. 

BENTON  COUNTY 

Benton  County  is  situated  on  the  east  side  of  Mississippi  Ri\'er  in 
central  Minnesota,  with  Foley  as  the  county  seat.  The  drainage  tends 
to  take  courses  parallel  with  the  Mississippi  rather  than  toward  it.  Con- 
sequently very  little  water  enters  the  Mississippi  in  this  county.  The 
western  part  drains  through  Elk  River  southeastward  across  Sherburne 
County,  while  the  southeast  part  drains  southeastward  into  Rum  River, 
which  enters  the  Mississippi  at  Anoka. 
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A  latge  part  of  the  county  is  occupied  by  a  red  drift  till  plain.  The 
only  moraine  is  a  narrow  one  in  the  northeast  part.  There  are  sandy 
plains  of  outwash  gravels  on  the  west  and  south  borders,  and  narrow 
belts  of  dune  sand  associated  with  them.  The  till  plain  has  partially  filled 
intergladal  valleys  which  were  eroded  in  the  old  gray  drift  which  under- 
lies the  red  Wisconsin  drift  at  moderate  depths  and  outcrops  in  some 
of  the  bluffs.  The  red  drift  of  this  county  diough  somewhat  stony  has 
usually  sufficient  clay  admixture  to  make  a  good  soil. 

An  esker,  or  sharp  gravel  ridge,  several  miles  in  length,  runs  from 
Ronnely  southwestward,  passing  just  south  of  Foley.  It  is  of  consider- 
able value  for  railway  and  road  ballast. 

Granite  outcrops  are  numerous  in  the  western  part  of  the  county, 
where  rock  is  struck  at  slight  depth  in  a  strip  2  to  3  miles  wide  and 
several  miles  long,  extending  from  Sauk  Rapids  northward  past  Watab. 
There  are  also  small  outcrops  in  the  northeast  part  of  the  county  along 
West  Rum  River. 

The  wet  lands  of  Benton  County  are  estimated  by  Ralph  to  ocaxpy 
10,000  acres  or  15.6  square  miles.  A  considerable  part  of  the  wet  land 
is  in  the  sandy  plain  along  the  Mississippi.  Some  of  it  is  in  the  line 
of  the  partially  filled  intergladal  valleys. 

The  county  was  largely  covered  with  hardwood  forest,  but  in  the 
sandy  lands  along  the  Mississippi  valley  and  in  the  southern  part  of  the 
county  there  was  a  light  growth  of  scrub  oak. 

Ptrctntagts  cf  Clouts  of  L^nd  m»  B§nton  County 

Square  mflet    Per  cent 

Moniac,  red  drift,  chiefly  pebbly  cUy  loam  soil le  a.47 

Red  drift  tiU  plain,  chiefly  pebbly  cUy  loam  aotl a88  71. xt 

Eakera  and  iharp  graTeUy  knolla a  0.50 

Red  drift  outwaah  plaint  and  landy  glacial  drainage 70  i7.a8 

Rock  uutoopa  so  4.94 

IS  3.70 


405  100.00 

Form  and  Crop  Data  for  Bonton  County  from  Census  of  1910 

Rural  population  7, $96  or  18.7  per  square  mile 

Per  cent  of  land  in  farma 75.3 

Per  cent  of  farm  land  improved 55.8 

Average  acres  per  farm 1 52.6 

Average  improved  acres  per  farm 85.x 

Value  of  all  farm  property $8,389,346 

Per  cent  of  increase  1900  to  1910 z  15.6 

Value  of  all  crops  in  1909 $1,176,027 

Cereals  (oato,  wheat,  com,  rye,  barley) $775>985 

Other  grains  and  seeds $32,896 

Hay   and   forage* $209,65 1 

Vegetables   $104,496 

Fruits   and    nuts $6,709 

All  other  crops   $56,290 

*Tame  grass,  14*256  tons;  wild  grass,  34,221  tons. 
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SHERBUSNB  COUNTY 

Sherburne  Qyunty  is  situated  east  of  the  Mississippi  River,  in  the 
south  central  part  of  Minnesota,  with  Elk  River  as  the  county  seat  It 
has  a  land  area  of  448  square  miles,  to  which  should  be  added  15  to  20 
square  miles  in  lakes. 

Elk  River  gathers  nearly  all  the  drainage  of  Sherburne  County  and 
parallels  the  Mississippi  from  the  northwest  to  the  southeast  comer  of 
the  county,  where  it  enters  the  Mississippi  The  eastern  part  of  tiie 
county  drains  into  Rum  River  and  thence  to  the  Mississippi  River  at 
Anoka. 

With  the  exception  of  the  northern  edge  of  the  county,  where  there 
are  a  few  square  miles  of  clayey  ground  moraine  of  red  drift,  the  Grants- 
burg  lobe  of  the  Keewatin  ice  field  covered  the  entire  county.  Its 
morainic  ridges  and  knolls  have  gray  drift  material  with  a  large  red 
drift  admixture.  The  movement  of  the  Keewatin  ice  was  northeast- 
ward, and  the  drainage  on  its  north  side  took  a  northeastward  course 
along  or  near  the  ice  border  to  the  end  of  the  lobe  and  thence  down  the 
St,  Croix  valley.  Part  of  it  was  ponded,  as  indicated  in  the  discussion 
of  Mille  Lacs  and  Kanabec  counties,  but  there  seems  to  have  been  a 
rather  free  current  across  northern  Sherburne  County  which  deposited 
sand  and  fine  gravel  rather  than  mud  or  silt 

Along  the  Mississippi  and  Elk  rivers  there  is  a  long  strip  of  gravelly 
outwash,  with  light  sandy  soil.  To  the  east  of  this  strip  are  large  areas 
covered  by  fine  dune  sand,  above  which  there  rise  a  few  sharp  morainic 
knolls  and  ridges.  There  are  gravel  plains  with  light  sandy  soil  also  along 
St.  Francis  River  in  the  north  part  of  the  county.  A  large  area  in  the 
southeast  part  of  the  county  comprises  mainly  moraines  of  sandy  till  with 
loamy  soil. 

The  amount  of  wet  land  in  Sherbtmie  County  is  estimated  to  be 
10,000  acres,  and  is  largely  in  marshy  bogs  among  sandy  areas. 

The  variable  character  of  the  soil  is  set  forth  in  the  table  below : 

Percentages  of  Classes  of  Land  in  Sherburne  County 

Square  miles    Per  cent 

Sandjr  fray  drift  moraine;  toil  sandy  and  stony  loam 4J  9.38 

Clayey  gray  drift;  soil  pebbly  clay  loam 15  3.34 

Sandy  gray  drift  till  plain;  soil  sandy  to  stony  loam 14  3.13 

Clayey  gray  drift  till  plain;  soil  pebbly  clay  loam 6  1.34 

Clayey  red  drift  till  plain;  soil  pebbly  clay  loam 12  «.68 

Marshes  and  swamps   15  3-34 

Outwash  gravel  and  sand x8o  40.18 

Dune  sand   164  36.60 

448  99.99 
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Farm  and  Crop  Data  for  Sktrbuma  County  from  Census  of  1910 

Rnral  population  5,591  or  is.5  per  square  mile. 

Per  eent  of  land  in  farmi 7i>3 

Per  cent  of  farm  land  improved • 54** 

Average  acrea  per  farm i7X*9 

Average  improved  acres  per  farm 93** 

Value  of  all  farm  property $7,43ar444 

Per  cent  of  increase  1900  to  1910 1 17-3 

Value  of  all  crops  in  1909 $i»039t9i7 

Cereals  (com,  oata.  rye,  wheat,  barley) $558,39^ 

Other  grains  and  seeda $9>5oo 

Hay  and  forage*  $148,105 

Vegetables M89.746 

Fmita  and  nuts $2*417 

An  other  crops $3X»7S7 

*  Tame  grass,  ia,a8z  tons;  wild  grass,  18,34a  tons. 

ISANTI  COUNTY 

Isanti  County  is  located  in  the  eastern  part  of  Minnesota,  with  Cam- 
bridge as  the  county  seat  The  greater  part  of  the  county  is  drained 
southward  through  Rum  River  to  the  Mississippi,  but  the  southeast  part 
drains  eastward  to  the  St.  Croix  River. 

This  county,  like  Sherburne,  is  extensively  covered  by  fine  dune  sand 
which  has  found  lodgement  on  till  areas  and  buried  the  till  to  a  depth 
of  many  feet.  Outside  the  dune  sand  area  there  are  moraines  and  till 
plains  and  small  outwash  gravel  plains,  chiefly  in  the  northern  and  eastern 
parts  of  the  county.  There  is,  however,  a  small  morainic  area  in  the 
southwest  part. 

The  gray  till  of  the  Grantsburg  lobe  extends  nearly  to  the  northern 
limits  of  the  county.  Ponded  waters  outside  the  ice  laid  down  lake  days 
in  the  northwest  comer  of  the  county.  A  few  square  miles  along  the 
north  edge  of  the  county  have  the  red  till  at  the  surface.  The  gray  drift 
shows  considerable  variation  in  character  of  soil,  both  in  moraines  and 
till  plains,  part  being  clayey  and  part  loose-textured  and  sandy. 

On  the  dune  sand  a  large  amount  of  truck  gardening  has  been  devel- 
oped, and  it  has  thus  become  fully  as  profitable  as  the  till  areas.  The 
sand  is  so  fine  as  to  hold  considerable  capillary  water  which  carries  crops 
through  seasons  of  df  outh. 

The  wet  lands  of  the  county  are  estimated  by  Ralph  to  occupy  20,000 
acres  or  31  square  miles.  Some  of  the  lakes  may  have  been  induded  in 
this  estimate,  as  they  are  very  shallow,  and  in  places  marshy.  Levels 
of  some  of  the  lakes  of  the  western  part  of  the  cotmty  once  stood  several 
feet  higher  than  at  present. 

Pifconiagu  of  Classes  of  Land  in  IsanH  County 

Square  miles  Per  eent 

Gray  drift  moraine,  sandjr  or  atony  loam 40  9.05 

Gray  drift  moraine,  pebUy  clay  loam 35  7.9a 

Gray  drift  till  plain,  sandy  to  stony  loam 35  7>9* 
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Pgresniag§t  of  CUuu  of  Lmnd  im  ImnH  Coumty  (Contmuod) 

Squsre  miles    Per  cent 

Gny  drift  till  plain,  pebbly  dAjr  loam 50  11.31 

Red  drift  till  plain,  pebbljr  clay  loam 10  z.»6 

Ootwaih  graTel  and  land 14  S-iJ 

Lake  clays  in  gladally  ponded  waters 9  a.04 

Pine  dune  sand sx8  49-3< 

Marahea  and  ■wampa  31  7*ot 

44s  X  00.00 

Form  and  Crop  Doia  for  /muK  County  from  Connu  of  1910 

Rnral  pepnlation  10,793  or  a4.4  per  square  mile 

Per  cent  of  land  in  farms S4-o 

Per  cent  of  farm  land  improred 4^1 

Averace  acres  per  farm. iis-» 

ATcrage  inproTed  acrea  per  fivm S3>x 

Value  of  all  farm  piopeiiy $9ti*3t3<>9 

Per  cent  of  increase  1900  to  1910 iio.( 

Value  of  all  crops  in  1909 $x*366,5t7 

Cereals  (oats,  wheat,  com,  rye,  barley) $S*x»7SS 

Other  grains  and  seeds fstf^s^t 

Hay  and  forage*  $soy,<i47 

Vegetables l5iB,6o8 

Fruits  and  nuts '%4^7^ 

All  other  crops $77i775 

*  Tame  grass,  i8,oos  tons;  wild  grass,  S7,695  tons. 

ANOKA  COUNTY 

Anoka  County  is  situated  in  eastern  Minnesota  on  the  east  side  of 
the  Mississippi  River,  with  Anoka  as  its  county  seat  Nearly  all  the 
county  drains  southward  or  southwestward  into  the  Mississippi,  mainly 
through  Rum  River.  A  few  square  miles  in  the  northeast  part  drain 
northeastward  to  the  St.  Croix  River. 

This  county  is  extensively  covered  by  fine  dune  sand,  and  the  sand 
areas  include  large  wire  grass  marshes,  the  dunes  having  blocked  up  the 
drainage.  Most  of  the  dunes  were  probably  formed  in  the  closing  part 
of  the  glacial  epoch,  but  there  are  a  few  places  in  which  they  are  still 
active  and  have  blowouts. 

The  entire  county  falls  within  the  limits  of  the  Grantsburg  lobe  of  the 
Keewatin  ice  field,  and  carries  a  sheet  of  young  gray  drift.  This  is  ex- 
posed at  the  eastern  edge  of  the  dune  area  in  a  plain  of  clayey  calcareous 
till  in  the  southeast  part  of  the  county.  In  the  northwest  part  of  the 
county,  morainic  ridges  of  the  gray  drift  rise  prominently  above  the 
surrounding  plains.  There  is  a  fine  gravelly  outwash  immediately  bor- 
dering these  morainic  ridges  on  the  east  and  south  as  far  out  as  Rum 
River.  The  dune  sand  sets  in  east  of  the  outwash  plain,  and  apparently 
covers  the  till  plain.  The  fertility  of  the  dune  sand  is  much  greater  than 
that  of  the  plains  of  coarser  material,  owing  probably  to  its  3rielding  water 
by  capillary  action  in  seasons  of  drouth.  But,  in  a  few  places  renewed 
dune  action  has  made  very  sandy  loose  soil. 
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The  wet  land  of  the  county  is  lai|;ely  embraced  in  the  wire  grass 
marshes  which  are  estimated  by  Ralph  to  cover  about  17  per  cent  of  the 
county.  Outside  the  marshes  the  county  is  timbered  largely  with  scrub 
oak. 

PgretnttgM  of  ClassM  of  Lund  in  Anoka  County 

Squmre  males    Per  cent 

Gray  drift  moraine,  sandy  to  atony  loam 10  a.i8 

Gray  drift  moraine,  pebbly  clay  loam la  a.6x 

Gray  drift  till  plain,  tandy  to  atony  loam 9  1*96 

Gray  drift  till  plain,  pebbly  clay  loam 30  6.S4 

Ootwaah  plaina  of  Mndy  gravel 75  16.34 

Marahea  and  awampi. yS  X7.00 

Dime  aand  245  S3«37 

459  100.00 

Fmrm  and  Crop  Daia  for  Anoka  Conniy  from  Censn*  of  1910 

Rural  population  7,710  or  17  per  aqnare  mile 

Per  cent  of  land  In  farma 69.1 

Per  cent  of  farm  land  improved 50.0 

Average  acres  per  fann i4tt'6 

Average  improved  acres  per  farm 70.3 

Value  of  all  farm  property $9,478,621 

Per  cent  of  increase  1900  to  19x0 128.5 

Value  of  all  crops  in  1909 $x,li8,axa 

Ccreala  (com,  oats,  rye*  wheat,  barley) $393f43S 

Other  graina  and  seeds .^« $9»383 

Kay  and  forage* , %a$6fMS^ 

VcgeCablea $406,395 

Froxta  and  nnta $xs,597 

AH  other  cropa $60,144 

*  Tame  grasa,  16,55a  tons;  wild  grass,  22,814  tons. 

CHISAGO  COUNTY 

Chisago  County  is  situated  on  the  eastern  border  of  the  state  with 
Center  City  as  the  county  seat.  It  has  a  land  area  of  427  square  miles, 
and  lakes  occupy  an  additional  30  square  miles.  The  county  all  drains 
to  the  St.  Croix  River.  The  lakes  which  abound  in  the  southern  part  of 
the  county  seem  to  be  in  the  line  of  partly  filled  valleys. 

The  entire  county,  except  a  few  square  miles  in  the  southeast  comer, 
was  covered  by  the  Grantsburg  lobe  of  the  Keewatin  ice  field.  The  most 
extensive  soil  class  is  a  pebbly  clay  loam  in  a  broad  plain  of  young  g^ay 
till.  Near  the  eastern  edge  of  the  county  the  gfray  till  in  places  only 
veneers  ridges  and  knolls  of  the  red  drift.  There  is  a  broad  strip  of  dune 
sand  in  the  western  part  of  the  county,  extending  east  to  Sunrise  river 
and  north  as  far  as  Harris. 

There  is  a  well  defined  moraine  of  the  gray  drift  along  the  east  side 
of  Sunrise  River,  formed  on  the  southeast  side  of  the  Grantsburg  lobe, 
and  also  one  in  the  extreme  eastern  part  of  the  county.    Moraines  in 
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the  northwest  part  were  formed  on  the  northwest  edge  of  the  ice  lobe. 
The  dune  sand  covers  a  low  plain  along  the  axis  of  movement  of  the 
ice  lobe. 

On  the  dune  sand  area  there  were  oak  openings,  but  the  heavier  soil 
had  a  more  dense  forest,  laif;ely  of  oak. 

Percsniagts  of  Chtsts  of  Lund  im  Chisago  County 

Sqiure  mUea    Per  cent 

Gray  drift  moraine,  chiefly  pebbly  day  loam 80  18.74 

Gray  drift  moraine,  tandy  to  atony  loam so  4.68 

Gray  drift  till  plain,  aandy  to  stony  loam xa  a.8i 

Gray  drift  till  plain,  pebbly  clay  loam X4a  33-2S 

Done  nnd  90  J1.08 

Valley  alluvium,  tandy   60  14-05 

Swamp *z  5<38 

4S7  99-99 

Farm  and  Crop  Data  for  CkUago  County  from  Contus  of  19m 

Rural  population  9»S47  or  aj.4  per  square  mile 

Per  cent  of  land  in  farms • • « 8a.6 

Per  cent  of  farm  land  improved 4^-4 

Average  acres  per  farm z  is.6 

Average  improved  acres  per  farm 5*-* 

Value  of  all  farm  piopeily fia,a89,044 

Per  cent  of  increaae  1900  to  1910 108.1 

Value  of  all  cropa  in  1909... fi»544fSi7 

Cereals  (oats,  wheat,  com,  barley,  rye) $6x6,999 

Other  grains  and  seeds %S»ii^ 

Hay  and  forage*  $4xa,579 

Vegetoblea $407>9S6 

Fruits  and  nuts $7>8oa 

All  other  crops $94tOao 

*  Tame  grass,  4'f363  tons;  wild  grass,  ao,ojo  tons. 

WASHINGTON  COUNTY 

Washington  County  is  located  on  the  eastern  border  of  the  state  with 
Stillwater  as  the  county  seat.  Its  land  area  is  397  square  miles,  and  there 
is  an  additional  21  square  miles  in  lakes.  The  greater  part  of  the  county 
drains  into  the  St.  Croix  River,  but  a  strip  along  the  western  edge  drains 
more  directly  to  the  Mississippi.  The  valleys  of  both  these  rivers  have 
been  deeply  channeled  and  terraced  by  lines  of  glacial  drainage  and 
larger  rivers  from  the  outlets  of  the  glacial  lakes  Duluth  and  Agassiz» 
so  that  the  streams  are  below  the  700-foot  contour,  while  the  bordering 
uplands  are  900  to  1,050  feet  or  more. 

The  Keewatin  young  grzy  drift  extends  a  few  miles  into  the  north- 
west part  of  the  cotmty,  northward  from  White  Bear  Lake.  But  in  the 
remainder  of  the  county  the  red  drift  is  at  the  surface.  The  border  of 
the  young  or  Wisconsin  red  drift  lies  back  a  few  miles  northwest  of  the 
junction  of  the  St.  Croix  and  Mississippi  rivers,  leaving  the  older  red 
drift  exposed  in  a  narrow  strip  on  the  west  side  of  the  St.  Croix  below 
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the  village  of  Afton.  This  older  red  drift  has  a  more  mature  drainage 
development  than  the  young  red  drift,  and  very  few  undrained  depres- 
sions. The  later  drift  is  very  thickly  set  with  lakes  and  undrained  de- 
pressions, and  is  very  largely  of  morainic  topography.  The  young  gray 
drift  forms  only  a  veneer  over  the  red  drift,  but  is  sufficiently  thick  to 
give  it  the  characteristic  pebbly  clay  loam  soil.  The  red  drift  is  largely 
a  stcmy  loam,  though  with  a  considerable  admixture  of  clay. 

The  county  was  occupied  very  laigely  by  oak  forest  sufficiently  open 
to  be  classed  as  oak  openings,  and  fanning  development  started  in  this 
county  very  early. 

Ptretni^ts  of  Classes  of  Land  m  Wathmgton  County 

Square  miles    Per  cent 

Old  red  drift  till  plain  chiefly  pebbly  day  loam 35  8.8a 

Red  drift  moraine  chiefly  pebbly  clay  loam 139  35.00 

Red  drift  till  plain  chiefly  pebbly  clay  loam as  6.30 

Red  drift  ovtwaah  and  gladal  drainage,  landy  to  atony  loam 80  40.z6 

Gray  drift  moraine  chiefly  pebbly  clay  loam 38  7.05 

Gray  drift  till  plain  chiefly  pebbly  clay  loam aa  5.54 

Gray   drift   outwaah,   sandy   to   stony   loam 18  4.53 

Done  aand  5  i.a6 

Valley  alltnrium,  sandy  and  stony 30  7.56 

Swamps  and  bogs 15  3.78 

397  100.00 

Farm  and  Crop  Data  for  JVatMngton  County  from  Consus  of  1910 

Rural  population  11,975  or  30  per  square  mfle 

Per  cent  of  land  in  farms 89.x 

Per  cent  of  farm  land  improved 67.5 

Average  acres  per  farm x  16.5 

Average  improved  acres  per  farm 78.6 

Value  of  all  farm  property $i6,334»S39 

Per  cent  of  increase  1900  to  19x0 8o.a 

Valoe  of  all  crops  in  1909 $a,xa9,79J 

Cereals   (oats,  com,  barley,  wheat,  rye) $x,a9i,i78 

Other  grains  and  seeds >. $z6,42a 

Hay  and  forage*  $463,802 

Vecetablea $245,008 

Fruits  and  nuts $39»26x 

All  other  crops $74>xai 

*  Tame  grass,  47,696  tons;  wild  grass,  6,294  tons. 

Orchard  fruits  are  grown  much  more  than  in  counties  to  the  north. 
V^etables  are  a  less  important  crop  than  in  the  more  sandy  counties  to 
the  north  and  northwest.  Hay  is  an  important  crop,  and  is  more  largely 
of  cultivated  grasses  than  in  the  counties  remote  from  the  cities  of  St. 
Paul  and  Minneapolis,  as  only  the  better  classes  of  hay  find  good  market 
in  the  cities. 

RAMSEY  COUNTY 

Ramsey  County,  with  St.  Paul  as  its  seat,  is  located  in  the  southeastern 
part  of  the  state,  and  is  the  smallest  county  in  the  state,  its  land  area 
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being  only  i6i  square  miles.  There  is  an  additional  1345  square  miles 
in  the  lakes  and  streams  within  or  on  the  borders  of  the  county. 

The  Mississippi  River  is  at  and  near  the  southern  edge  of  die  county 
in  a  deep  rock-bound  valley  along  part  of  which  broad  rock  shelves  are 
exposed  by  erosion  and  the  removal  of  drift  deposits  by  glacial  drainage 
which  made  the  valley.  A  small  pr^ladal  valley  which  oomes  into  the 
present  Mississippi  near  the  Union  Depot  at  St.  Paul  is  only  partly  filled 
with  drift,  and  furnishes  a  line  of  entry  for  several  of  the  raflways 
coming  into  the  dty  from  the  east  and  north. 

There  are  a  few  square  miles  of  gray  drift  in  the  southwest  part  of 
the  cotmty,  but  the  remainder  of  the  county  is  laigdy  red  drift  moraine 
with  outwash  gravel  plains  among  the  morainic  ridges.  The  moraines 
though  filled  with  gravelly  pockets  usually  have  at  surface  a  radier  clayey 
till.  The  morainic  ridges  in  the  western  part  of  the  county  have  a  thin 
veneer  of  gray  till,  and  the  drift  knolls  f ofmed  by  the  Keewatin  ice  in- 
clude large  masses  of  red  till  with  the  gray  tilL 

The  rural  population  is  only  35  persons  to  the  square  mile,  and  the 
development  of  intensive  farming  is  less  than  is  usual  on  the  outskirts 
of  a  large  city.  Ordinarily  farming  is  carried  on  right  up  to  tiie  dty 
limits,  and  crops  of  hay  are  relativdy  laige. 

PeregniaaM  of  Clout*  of  L*nd  in  Ra$msoy  Couniy 

Square  mnet    Per  cent 

Red  drift  moraine,  chiefly  pebbljr  day  loam 36  aa.36 

lied  drift  outwaah,  gravtllj  loam IS  9.31 

Gray  drift  moraine,  chiefly  pebbly  day  loam 48  a9.Sx 

Gray  drift  outwash,  aandy  to  gravelly  loam 15  9.31 

Dune  Mnd  x8  ii.xS 

Swamp  and  boga 14  8.70 

Valley  alluvium,  aandy 5  3.11 

Rock  terraces  and  rocky  valley  beds 10  6aM 

z6t  100.00 

Farm  and  Crop  Data  for  Ramsay  County  from  Cantus  of  rgro 

Rural  population  5,647  or  35  per  aquare  mile 

Per  cent  of  land  in  farms 58.8 

Per  cent  of  farm  land  improved 68.0 

Average  acres  per  farm 56.7 

Average  improved  acrea  per  farm 38.6 

Value  of  all  farm  property $9»7^>9<H 

Per  cent  of  increase  1900  to  19x0 74.8 

Value  of  all  crops  in  1909 $i,07s,7So 

Cereals  (oats,  com,  barley,  wheat,  rye) $X97»577 

Other  grains  and  seeds , %»,S»i 

Hay  and  forage*  $SS4>970 

Vegetables %3»3J^ 

Fruits  snd  nuts %MiJ^S 

All  other  crops $sxo,x89 

*  Tame  grass,  16,175  tons;  wild  grass,  5,55s  tons. 
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A.      CRAY    DRIFT    MORAINE    NORTH    OF   ST.    PAUL 


B.      RED    DRIFT    MORAINK    WITH    COATING   OF   GRAY    DRIFT    NORTH    OF   ST.    PAUL  V/r- 
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HENNEPIN  COUNTY 

Hennepin  Comity,  of  which  Minneapolis  is  the  county  seat,  has  a 
land  area  of  565  square  miles,  and  a  water  area  in  lakes  and  streams  of 
an  additional  70  square  miles.  The  drainage  is  laigdy  eastward  or  north- 
eastward into  the  Mississippi,  there  being  only  a  few  small  creeks  flowing 
to  tiie  Minnesota  River,  which  forms  part  of  the  southern  boundary  of 
the  coon^.  Minneapolis  has,  in  the  Falls  of  St  Anthony  on  the  Mis- 
sissippi, a  veiy  valuable  water  power,  which  has  greatty  added  to  the 
profits  of  the  farming  communities  of  southern  Minnesota  by  giving 
milling  advantages  near  home  and  an  excellent  market  for  grain.  The 
Falls  of  Minnehaha,  and  much  of  the  picturesque  gorge  of  the  Missis- 
sippi below  the  falls  of  St.  Anthony  are  within  the  limits  of  Hennepin 
CounQr,  as  is  also  the  beautiful  Lake  Minnetonka  and  numerous  smaller 
lakes  with  attractive  scenic  features. 

With  the  exception  of  less  than  a  square  mile  near  Prospect  Park, 
in  the  east  part  of  Minneapolis,  the  entire  county  was  covered  by  the 
Keewatin  ice  sheet  In  the  east  part  of  the  county,  however,  a  prominent 
red  drift  moraine  was  overridden  by  the  Keewatin  ice  and  nearly  all 
veneered  with  the  young  gray  drift  Many  of  the  red  gravel  plains  and 
ridges  were  greatty  disturbed  by  the  encroachment  of  the  Keewatin  ice, 
and  the  red  drift  was  thus  gathered  up  and  locally  incorporated  with  the 
gray.  From  Lake  Minnetonka  to  the  north,  south,  and  west,  the  Keewatin 
drift  is  so  thick  that  exposures  of  the  red  drift  are  rare.  Outwash  plains 
of  gray  drift  gravel  and  sand  are  extensive  in  the  district  south  of  Minne- 
apolis between  the  Mississippi  and  Minnesota  vall^s.  They  are  also 
notable  within  the  dty  and  northward  along  the  Mississippi  valley. 
These  level  outwash  areas  are  largely  devoted  to  truck  gardening.  The 
ridi  black  loam  is  highly  fertilized  and  is  veiy  productive.  The  moraines, 
on  the  border  of  Lake  Minnetonka,  are  lafgdy  in  orchards  and  vineyards, 
bttt  elsewhere  are  commonly  given  over  to  general  farming. 

The  occurrence  of  numerous  bogs  and  marshy  depressions  among  the 
knolls  and  ridges  causes  much  waste  land,  while  the  hills  and  ridges 
themselves  are  too  steep  for  easy  cultivation.  The  percentage  of  im- 
proved land  is  therefore  low,  except  on  the  sandy  outwash  plains,  and 
many  hillside  slopes  are  still  in  forest  The  presence  of  the  forests  adds 
greatly  to  the  beauty  of  suburban  homes  and  this  perhaps  more  than 
offsets  the  agricultural  disadvantages.  Such  suburban  occupancy  will 
j  naturally  spread  widely  over  the  morainic  areas  west  of  Minneapolis, 
and  especially  around  Lake  Minnetonka  with  its  numerous  bays  and  arms. 
According  to  the  census  of  1910,  the  area  planted  to  potatoes  in  1909 
amounted  to  27  square  miles,  and  about  6  square  miles  to  other  vqietaUes. 
The  gross  income  from  vq^etable  raising  averaged  $36,500.00  per  square 
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mile,  or  about  $57.00  per  acre.  Large  areas  near  Minneapolis  are  well 
adapted  to  truck  gardening,  and  will  naturally  be  utilized  thus  in  the 
near  future. 

Ptrctntagu  of  CUutM  of  Lund  m  Hfnn^pim  Caumiy 

Square  miles    Per  cent 

Grar  drift  moraine  (partly  over  red  drift  moraine)  aoil  pebbly  clay  loam. ..  195  34.49 

Gray  drift  till  plain,  pebbly  clay  loam ixx  19,6s 

Gray  drift  ontwaah  and  glacial  drainage,  aandy  gravel x  z6  40.53 

Done  aand   4  0.71 

Valley  alluTium,  largely  sandy 35  6.19 

Rock  areas  j  0^35 

Marshes  and  bogs   xoit  tS.06 

565  ZOO.00 

Farm  and  Crop  DaU  for  Honnopim  Conniy  from  Consul  of  JpJD 

Rural  population  18,806  or  37.6  per  square  mile* 

Per  cent  of  land  in  farms. 7^6 

Per  cent  of  farm  land  improved 66.7 

Average  acres  per  farm. 73-8 

Average  improved  acres  per  fivm 49.S 

Value  of  all  farm  property $34^967,441 

Per  cent  of  increase  1900  to  19x0 75.6 

Value  of  all  crops  in  X909 • $4tX54,598 

Cereals  (com,  oats,  wheat,  barley,  rye) $x»34x,444 

Other  grains  and  seeds $xo»398 

Hay  and  foragef $833,9x4 

Vegetables $1,437, 191 

Fruits  and  nuts $4^0,574 

All  other  crops $489,079 

•  Deducting  city  area  there  remains  about  500  square  miles  in  fartxis. 
fTame  grass,  61,186  tons;  wild  grass,  45,541  tons. 

WRIGHT  COUNTY 

Wright  County  is  situated  in  the  south  central  part  of  Minnesota  with 
Buffalo  as  the  county  seat.  Most  of  the  county  is  drained  to  the  Mis- 
sissippi by  Crow  River,  which  enters  it  and  also  forms  part  of  its  eastern 
boundary.  Small  lakes  are  scattered  all  over  the  cotmty,  and  occupy  about 
23  square  miles  of  its  area  of  714  square  miles. 

Wright  County  is  crossed  by  several  moraines  formed  by  the  Grants- 
burg  lobe  of  the  Keewatin  ice  field.  The  ice  stood  on  the  Crow  valley, 
while  the  glacial  drainage  discharged  from  the  moraines  on  the  northeast 
side  of  the  lobe  to  the  Mississippi.  Outwash  aprons,  or  plains  of  sandy 
gravel  are  thus  extensive  in  the  northern  part  of  the  county.  Smaller 
ones  lie  along  Crow  River  valley,  which  subsequently  carried  an  im- 
portant line  of  glacial  drainage  into  the  Mississippi.  The  outwash  plains 
are  co\-ered  to  some  extent  with  a  loam  which  increases  their  fertility. 

Although  this  county  was  covered  with  heavy  hardwood  forest,  it 
has  nearly  all  been  converted  into  farm  land,  there  being  90.3  per  cent 
of  the  county  in  farms.    Of  this,  however,  only  about  60  per  cent  is  im- 
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A.      WISCONSIN,  OR   YOUNG   RED   DRIFT,    MORAINE   NEAR    STILLWATER 


B.      OLD   RED    DRIFT    MORAINE    XP:aR    HAMPTON 
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proved..  Part  of  the  unimproved  land  is  in  swamps,  but  nearly  every 
farm  has  a  few  acres  of  wood-lot  The  moraines,  though  having  many 
small  knolls,  and  a  somewhat  varied  soil,  ranging  from  clayey  to  gravelly, 
are  developed  agriculturally  nearly  as  much  as  the  relatively  smooth  till 
plains  with  prevailing  clay  loam  soil. 

Pgrc^mugM  of  CUuswt  of  Lcmd  m  IVrigki  County 

Square  miles  Per  cent 

Grmjr  drift  moraine  with  claTty  to  mixed  toil 186  atf.91 

Gray  drift  till  plain,  chiefly  pebhiy  day  loam aao  33.JS 

Outwash  plains  of  sandy  gravel  and  sandy  loam  soil 140  J0.J6 

Swamps  and  bogs • 135  i9*5a 

691  99.»7 

Form  omd  Crop  DoU  for  Wrigki  Coumiy  from  Connu  of  /p/o 

Rural  population  20,064  or  sp  per  square  mile 

Per  cent  of  land  area  in  farms 90.3 

Per  cent  of  farm  land  imprOTcd 59-5 

Average  acres  per  farm 104.7 

Average  improved  acres  per  farm 6a.$ 

Value  of  all  farm  property $J7,pss,as5 

Per  cent  of  increase  xpoo  to  1910 97*9 

Value  of  all  crops  in  1909 I3»477>5S7 

Cereals  (wheat,  com,  oats,  barley,  rye) ia,5S6,307 

Other  grains  and  seeds $13,147 

Hay  and  forage*   |456»393 

VegeUbles « |ao8,349 

FruiU  and  nuts $38»097 

All  other  crops $i7Sr>94 

*  Tame  grass*  53*^  tons;  wild  grass*  ^,0x7  tons. 

MEBKER  COUMTY 

Meeker  County  is  located  in  the  south  central  part  of  Minnesota,  with 
Litchfield  as  the  county  seat  The  drainage  is  almost  entirely  eastward 
by  the  two  forks  of  Crow  River  to  the  Mississippi.  A  small  area  near 
Eden  Valley,  however,  drains  northward  to  Sauk  River,  and  thence  north- 
east to  the  Mississippi.  At  one  time  in  the  course  of  the  melting  of  the 
Keewatin  ice  field,  this  northward  line  carried  the  drainage  of  a  large 
part  of  the  county,  for  the  Crow  River  valley  to  the  east  of  Meeker 
County  was  still  covered  by  the  ice,  A  lake  several  miles  in  width  then 
occupied  the  low  land  bordering  Crow  River  valley  between  Manannah 
and  Kingston)  and  discharged  northward  across  a  broad  marshy  vall^ 
past  the  site  of  the  village  of  Eden  Valley.  This  lake  dqxnited  a  cal- 
careous silt  and  fine  sand  brought  into  it  by  glacial  waters  from  the  east 
and  south.  At  the  south  edge  of  the  lake,  an  extensive  outwash  gravel 
pkiin,  on  which  the  villages  of  Litchfield  and  Darwin  stand,  was  built 
by  the  waters  escaping  northward  from  the  ice.  This  lake  area  and  the 
bordering  outwash  and  till  plain  lie  between  two  large  moraines  which 
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unite  a  few  miles  west  m  Kandiyohi  Comity  to  form  the  great  morainic 
system  developed  on  the  east  side  of  the  Keewatin  ice  field. 

The  northern  and  earlier  of  the  two  moraines  just  mentioned  touches 
the  northwest  and  also  the  northeast  comer  of  Meeker  County  but  lies 
mainly  in  Steams  Covmty.  The  southern  moraine  crosses  the  southern 
part  of  the  county,  and  bears  northeastward  into  Wright  Gnmty.  There 
is  an  extensive  till  plain  on  the  southern  or  inner  border  of  this  moraine, 
extending  from  southwestern  Meeker  County  into  neighboring  counties 
on  the  south  and  west 

The  moraines  as  well  as  till  plains  are  very  largely  of  clay  loam. 
There  are,  however,  gravelly  knolls  and  ridges  along  the  outer  edge  of 
each  moraine  next  to  the  outwash  plains.  The  sediments  of  the  glacial 
lake  above  noted  are  of  fine  sand  on  the  edge,  but  are  a  rich  silt  loam  in 
the  deeper  part  between  Forest  City  and  Kingston.  The  outwash  plains, 
though  underlain  by  gravel,  have  in  places  a  loamy  soil  and  subsoil  2  to 
4  feet  deep  which  render  them  the  more  productive.  A  considerable 
part,  however,  has  a  light  sandy  soil 

Meeker  County  stands  on  the  border  between  prairie  and  hardwood 
forest.  There  were  groves  on  the  prairie  parts  and  strips  of  prairie  ex- 
tended back  for  some  miles  into  the  forest  The  forest  was  of  oak  open- 
ings on  the  sandy  soil,  but  heavier  with  mixed  hardwood  on  the  clay  soils. 

Pwe§ntao0S  of  ChuMt*  of  Lomd  •»  Mooktr  Couniy 

Square  tii3et    Per  cent 

Gray  drift  morsine,  chiefly  pcbbljr  clay  loam 190  30.59 

Gray  drift  till  plain,  chiefly  pebbly  clay  loam m6o  ,  41.87 

Ovtwaah  land  and  gravel  plalna,  landy  to  loamy 70  '  ii.a7 

Lacottrine  depoaita  with  tilt  loam  aoil 30  4.83 

Lacustrine  depoaita  with  aandy  toil 40  6.44 

ICarahei  and  awampt 31  5.00 

6si  tocoo 

Farm  and  Crop  Data  for  Meoker  County  from  Conitis  of  rp/o 

Rural  population  ia,8a6  or  ao.6  per  aquare  mile 

Per  cent  of  land  area  in  farma 90.1 

Per  cent  of  farm  land  improved 75.S 

Average  acrea  per  farm I5a.8 

Average  improved  acres  per  farm 115.3 

Value  of  all  farm  property |ai,595,a97 

Per  cent  of  increase  1900  to  1910 8a.4 

Value  of  all  cropa  in  1909 $3»3io»45x 

Cereals  (wheat,  oats,  com,  barley*  rye) $a>73i>476 

Other  gralna  and  seeds $7^9401 

Hay  and  forage*  $351*107 

Vegetables $68,656 

Fruits  and  nuta $X9,53X 

All  other  crops $63,180 

*  Tame  grass,  34>as3  tons;  wild  grass,  58,153  tons. 
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A.      OUTWASH    PLAIN  EAST  OF  ANOKA.      DUNE  SAND  ON  RIGHT  CUT  BY  RAILROAD 


B.      OUTWASH   PLAIN  OF  GRAY  DRIFT  WEST  OF  WHITE  BEAR 


C.      OUTWASH    PLAIN    WITH    THICK    CLAYEY    COVERING    NEAR   GARVAIS    AND   VADNIS 

LAKES,  NORTH   OF  ST.   PAUL  Digitized  by  GoOglC 
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KANDIYOHI  COUNTY 

Kandiyohi  County,  of  which  Willmar  is  the  county  scat,  has  a  land 
area  of  801  square  miles,  and  an  estimated  additional  lake  area  of  53 
square  miles.  The  lakes  arc  especially  numerous  in  a  belt  running  from 
northwest  to  southeast  across  the  county.  The  drainage  of  the  northeast 
part  is  eastward  by  Crow  River  to  the  Mississippi,  and  of  the  southwest 
part  is  southwestward  to  the  Minnesota  River. 

The  great  morainic  system  formed  on  the  east  side  of  the  Keewatin 
ice  sheet  comes  into  the  county  from  the  northwest  and  is  combined  into 
a  single  broad  morainic  belt  as  far  as  Green  Lake.  It  there  forks,  and 
the  northern  or  outer  member  leads  northeastward  into  Steams  County, 
while  the  southern  member  continues  southeastward  into  Meeker  County. 
There  is  also  a  weak  moraine  leading  from  Green  Lake  to  Atwater,  which 
is  separated  from  the  large  moraine  south  of  it  by  a  space  of  about  2 
miles  of  till  plain.  South  of  this  great  morainic  system  is  a  till  plain  ex- 
tendmg  into  Renville  County,  the  only  interruption  being  a  narrow 
moraine  less  than  a  mile  wide  that  runs  eastward  through  the  southwest 
township  of  the  county  south  of  Prinsburg.  There  are  also  a  few  sharp 
gravelly  knolls  east  of  Raymond.  Another  till  plain  lies  between  the  two 
members  of  the  great  morainic  system  east  of  Green  Lake.  This  is 
traversed  by  sandy  strips  marking  lines  of  glacial  drainage  to  the  middle 
fork  of  Crow  River.  The  north  part  of  the  county  is  occupied  by  a  great 
gravel  outwash  plain  that  extends  into  Pope  and  Steams  counties. 

There  is  gravelly  and  loose-textured  drift  along  the  border  of  the 
great  morainic  system  next  to  the  gravel  plain,  but  within  2  or  3  miles 
back  the  moraine  becomes  more  clayey,  though  there  are  gravelly  knolls 
here  and  there  over  it.  The  till  plain  has  a  rich  black  clay  loam  soil,  such 
as  covers  the  great  plain  along  the  Minnesota  valley.  Some  of  the 
marshes  and  peaty  bogs  may  be  easily  drained,  but  others  seem  to  be 
do¥m  to  the  level  of  the  underground  water  table.  The  marshes  and 
bogs  are  quite  extensive  in  the  gravel  plain,  and  are  in  some  cases  20  to 
40  feet  below  the  general  level  of  the  plains.  The  aggregate  amount  of 
wet  land  is  probably  as  great  as  the  area  of  the  lakes,  or  not  less  than  63 
square  miles. 

Percentages  of  Classes  of  Land  in  Kandiyohi  County 

Square  miles    Per  cent 

Gray  drift  mormine  with  gravelly  or  stony  loam zoo  ia.48 

Gray  drift  moraine  with  pebbly  clay  loam 180  28.47 

Gray  drift  till  plain,  chiefly  pebbly  clay  loam  soil 378  47-19 

Gray  drift  outwash,  sandy  and  gravelly  loam 80  20.00 

Marshes  and  bogs   .' 63  7.86 

801  X  00.00 


Digitized  by  VjOOQIC 


96  SURFACE  FORMATIONS  OF  MINNESOTA 

Farm  and  Crop  Data  far  Kandiyohi  County  from  Cansus  of  1910 

Rural  population  ia,8So  or  16  per  aquare  mile 

Per  cent  of  land  area  in  farma , 90.4 

Per  cent  of  farm  land  improved 79.8 

ATerage  acres  per  farm ao7.i 

Average  improved  acres  per  farm 165.* 

Value  of  all  farm  property %*»t7tt,9S7 

Per  cent  of  increase  1900  to  1910. 93.9 

Value  of  all  crops  in  1909 $3,4x0,101 

CafMlt  (wkaat,  oata,  barter,  com,  rye) $a.7S5>o99 

Otiier  grains  and  seeds |x33iSo8 

Hay  and  forage*   |40X,6is 

Vegetables,  fruito,  and  nnls $6s,66o 

All  other  crops $x7t49> 

*Tame  grass,  a9»094  tons;  wild  grass,  80,684  tons. 

SWIFT  COUNTY 

Swift  County  is  located  in  southwestern  Minnesota  with  Benson  as 
the  county  seat.  The  drainage  is  all  southward  or  southwestward 
through  the  Pomme  de  Terre  and  Chippewa  rivers  to  the  Minnesota. 

Part  of  the  strong  morainic  system  that  was  formed  along  the  east 
side  of  the  Keewatin  ice  field  crosses  the  northeast  comer  of  the  county 
and  occupies  about  120  square  miles.  The  remainder  of  the  county  is 
largely  till  plain,  but  small  till  ridges  occur  here  and  there  in  the  southern 
part,  and  narrow  moraines  with  strips  of  outwash  between  them  cross 
the  southwest  comer  of  the  county.  A  larger  morainic  belt  traverses  the 
northwest  part  of  the  county,  and  east  of  this  is  an  extensive  sandy  out- 
wash  plain. 

Some  marshy  land  occurs  in  depressions  in  the  sandy  plain  northwest 
of  Benson,  and  there  are  small  areas  of  wet  land  on  the  till  plain  and  a 
few  bogs  in  the  large  moraine.  But  the  aggregate  area  of  wet  land 
scarcely  reaches  20  square  miles.  The  greater  part  of  the  county  has  a 
rich  black  clay  loam  soil  such  as  characterizes  the  great  till  plain  along 
the  Minnesota  valley. 

Percentages  of  Classes  of  Land  in  Swift  County 

Square  miles  Per  cent 

Gray  drift  moraine,  cliiefly  pebbly  clay  loam aoo  S7.00 

Gray  drift  till  plain,  chiefly  pebbly  clay  loam 340  45.88 

Outwash  plains  of  sand  and  sandy  loam i8x  94^ 

Marshes  and  swamps    20  s.70 

741  100.00 

Farm  and  Crop  Data  for  Swift  County  from  Census  of  1910 

Rural  population  7,533  or  10.2  per  square  mile 

Per  cent  of  land  area  in  farms 86.s 

Per  cent  of  farm  land  improved 88.6 

Average  acres  per  farm ^65.9 

Average  improved  acres  per  farm S3S'6 

Value  of  all  farm  property ^ $i8»ao6,7a8 

Per  cent  of  increase  1900  to  19x0 pa.4 
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Fmrm  and  Crop  Data  for  Swift  County  (ComHmuod) 

Value  of  all  cropa  in  1909 $31097,049 

Ccreak  (wlieat,  oatt,  oo»,  barley,  rye) $j,70i,830 

Other  grains  and  seeds $103350 

Hay  and  forage*  $aa6,3i8 

Vegetables $54»33s 

Fruits  and  nuts $4i556 

An  other  crops $6,t6t 

^Tame  grass,  i9»oi3  tons;  wild  grass^  36,177  tons. 

CHIPPEWA  COUNTY 

Chippewa  Cotinty  is  located  on  the  north  side  of  the  Minnesota  River 
in  the  southwest  part  of  the  state,  with  Montevideo  as  the  county  seat. 
The  drainage  is  all  southward  or  southwestward  to  the  Minnesota  River. 
The  Minnesota  valley  was  excavated  by  the  river  from  the  glacial  Lake 
Agassiz  to  a  depth  of  more  than  loo  feet,  and  has  several  channels  in 
the  part  above  the  mouth  of  the  Chippewa  River  with  island-like  remnants 
of  the  upland  between  them.  The  river  cut  the  valley  down  to  the 
granite  in  the  vicinity  of  Montevideo  and  Granite  Falls. 

The  cotmty  is  nearly  all  a  smooth  till  plain  with  black  prairie  soil  and 
pebbly  day  loam  subsoil.  There  are  several  narrow  and  interrupted 
morainic  ridges  traversing  the  county  in  a  course  parallel  with  the  Minne- 
sota, and  these  are  in  some  cases  bordered  on  the  northeast  by  narrow 
strips  of  sandy  outwash.  The  ridges  are  usually  of  clayey  till  with 
pebbly  clay  loam  soil.  A  large  part  of  the  Minnesota  valley  has  a  stony 
to  sandy  loam  soil.  There  is  also  some  wet  land  in  the  valley,  and  per- 
haps two  square  miles  of  bare  rock  area. 

Pereontagts  of  Clasgas  of  Land  in  Chippawa  County 

Square  miles    Per  eent 

Moraines  and  till  ridges,  pebbly  clay  loam 80  x3'S* 

Till  plains  with  black  clay  loam  soil 4x4  70-05 

Sandy  and  gravelly  ontwash so  3.38 

Stony  loam  and  sand  in  Minnesota  Talley 50  8.46 

Swamps  and  marshes  chiefly  in  Talley as  4'S4 

Rock    areas    a  0.34 

591  99.99 

Form  091^  Crop  Data  for  Chippowa  County  from  Conitis  of  ig'O 

Rural  population  8,434  or  14  per  square  mile 

Per  cent  of  land  area  in  farms 90.3 

Per  cent  of  farm  land  improved 87.8 

Average  acres  per  farm ss8.o 

Average  improved  acres  per  farm soo.o 

Value  of  all  farm  property $i7f37S.3SO 

Per  cent  of  increase  1900  to  19x0 9*-3 

Value  of  all  crops  in  1909 $<»797»3o8 

Cereals  (oats»  wheat,  com,  barley,  rye) %»A$9t»3^ 

Other  grains  and  feeds $53i986 

Hay  and  forage*   $s34,ii4 

Vegetables  I47.a77 

Fruits  and  nuts $6,76s 

All  other  crops |xSt93X 

*  Tame  grass,  20,679  tons;  wild  grass,  38,909  tons. 
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LAC  QUI  PARLE  COUNTY 

Lac  qui  Parle  County  is  situated  south  of  the  Minnesota  River  on  the 
western  t>order  of  the  state,  with  Madison  as  the  county  seat.  The  drain- 
age is  entirely  northeastward  into  the  Minnesota  River,  mainly  through 
Yellow  Bank  and  Lac  qui  Parle  rivers. 

Most  of  the  county  is  a  till  plain  with  an  altitude  i,ooo  to  1,200  feet, 
but  the  southwest  comer  is  on  the  slope  of  the  Coteau  des  Prairies  and 
reaches  an  altitude  of  1400  feet.  The  Minnesota  valley  is  cut  to  a  depth 
of  about  100  feet  below  the  bordering  till  plain,  and  as  in  Chippewa 
County  there  are  island-like  strips  of  the  till  plain  surrounded  by  chan- 
nels cut  by  the  outlet  of  Lake  Agassiz  which  made  the  valley  of  the 
Minnesota.  The  village  of  Louisburg  stands  on  the  largest  of  these 
island  strips.  The  Minnesota  bottoms  has  exposures  of  bare  granite 
amounting  to  perhaps  5  square  miles  within  the  county  limits.  Much  of 
the  bottom  land  is  stony  and  too  wet  for  cultivation. 

The  till  plain  has  generally  a  black  pebbly  clay  loam  soil.  There  are 
several  narrow  moraines  crossing  it  in  the  southwest  part  of  the  county, 
and  strips  of  gently  undulating  land  nearer  the  Minnesota  which  seem  to 
mark  later  positions  of  the  ice  border.  There  are  chains  of  gravel  knolls 
in  the  western  part  of  the  county,  and  scattered  gravel  knolls  in  the  south- 
east part.  Outwash  plains  of  sand  and  gravel  border  some  of  the  weak 
morainic  ridges  in  the  southwest  part  of  the  county,  but  they  comprise 
less  than  5  per  cent  of  the  area. 

Ptrewntages  iff  Clau9t  of  Land  tn  Lae  qui  PorU  Couniy 

Square  mUet    Per  cent 

Gravelly  gray  drift  moraines,  pebbly  clay  loan 50  6.33 

Clayey  gray  drift  moraine*  pebbly  clay  loam • 160  Mo.as 

Tin  plaint,  black  pebbly  clay  loam 480  60.76 

Ovtwaih  plains  with  sand  or  sandy  loam  soil 35  4-43 

Rock  ledges  in  Minnesota  valley S  0.63 

Sandy  and  stony  land  in  Minnesota  valley 35  4^3 

Marshy  land,  chiefly  in  Minnesota  valley as  3*i6 

790  99.»« 

Farm  and  Crop  Data  for  Lac  qui  Parlo  County  from  Census  of  ipio 

Rural  population  10,8x9  or  13.7  per  square  mile 

Per  cent  of  land  area  in  farms 9<>S 

Per  cent  of  farm  land  improved 96.9 

Average  acres  per  farm S49*i 

Average  improved  acres  per  farm sx6.4 

Value  of  all  farm  property $j6,si7,879 

Per  cent  of  increase  1900  to  19x0 xo4-4 

Value  of  all  crops  in  1909 $4ii50i755 

Cereals  (wheat,  oats,  com,  barley,  rye) $3i583>S49 

Other  grains  and  seeds Moo,37S 

Hay  and  forage*   $S7S,300 

Vegetables $66,569 

Fruits  and  nuts $10,976 

All  other  crops $zi>989 

*Tame  grass,  3^,159  tons;  wild  grass,  36»957  tons. 
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YELLOW  MEDICINE  CX)UN1Y 

Yellow  Medicine  County  is  south  of  the  Minnesota  River  and  extends 
west  to  the  state  line  along  the  south  side  of  Lac  qui  Parle  County.  The 
county  seat.  Granite  Falls,  is  at  the  eastern  end  and  takes  its  name  from 
falls  in  the  Minnesota  River  at  that  point.  The  drainage  is  all  northeast- 
ward into  the  Minnesota  chiefly  through  Lac  qui  Parle  and  Yellow  Medi- 
cine nvers. 

The  greater  part  of  the  county  is  a  till  plain  standing  between  1,000 
and  1,200  feet,  but  the  southwest  part  is  on  the  eastern:  slope  of  the 
Coteau  des  Prairies  and  rises  near  the  comer  of  the  county  to  over  1,700 
feet  There  are  several  moraines  traversing  the  county  in  a  northwest 
to  southeast  course,  but  with  the  exception  of  a  bulky  one  in  the  south- 
west comer  they  are  all  slender,  with  a  width  of  i  to  2  miles  or  even  less. 

Along  the  outer  or  southwest  border  of  the  moraines  are  channels 
that  were  formed  by  the  glacial  border  drainage.  These  are  now  in  part 
abandoned  and  hold  marshes  and  bogs.  Some  of  them,  however,  are 
utilized  for  considerable  distances  by  the  present  drainage  lines.  The 
courses  of  the  streams  are  subject  to  great  diversion  in  some  cases  to 
find  a  passage  through  a  morainic  ridge. 

The  moraines  contain  a  few  gravel  knolls,  but  are  otherwise  of  a 
clayey  till  with  pebbly  clay  loam  soil.  The  lines  of  border  drainage  above 
noted  usually  have  a  silty  or  sandy  loam  soil.  The  till  plains  which  oc- 
cupy a  large  part  of  the  county  have  a  black  prairie  soil  of  slightly  pebbly 
chy  loam.  The  Minnesota  valley  has  in  places  exposed  granite  hills,  but 
much  of  the  bottom  land  is  sandy  to  stony  loam  with  bowldery  strips. 

Peretniag44  of  CUtstes  of  Land  m  Yollow  Modicino  County 

Square  mllet    Per  cent 

Gray  drift  moraines,  cliiefly  pebbly  day  loam  soil a35  3>>38 

Gray  drift  till  plains,  chiefly  pebbly  clay  loam  soil 439  58.61 

Border  drainage  channels  with  sandy  loam  and  peaty  soil 50  6.67 

Sandy  and  stony  land  in  Minnesota  valley 20  a.67 

Rock  areas  in  Minnesota  valley 5  0.67 

749  X  00.00 
Farm  and  Crop  Data  for  Yollow  Modicino  County  from  Census  of  1910 
Knral  population  io,8s5  or  14.5  per  square  mile 

Per  cent  of  land  area  in  farms 94.a 

Per  cent  of  farm  land  improved 83.9 

Avenctt  aeret  per  farm 345.8 

Avence  improved  acres  per  farm S06.3 

Vahie  of  all  farm  property $^4*607,037 

Pte  eent  of  increase  1900  to  19x0 103.9 

Value  of  an  crops  in  1909 $3>sa5>57x 

Cereals   (wheat,  oats,  com,  barley,  rye) $a»98o,978 

Other  gnlaa  and  seeds $x8syM8 

Hay  and  forage*  U7»$S73 

Vegetables  $6x,73i 

Fruits  and  nuts $10,663 

All  other  crops $X4*>98 

*Tame  grass.  a8,oi8  tons;  wild  grass,  42,314  tons. 


Digitized  by  VjOOQIC 


100  SURFACE  FORMATIONS  OF  MINNESOTA 

RENVILLE  COUNTY 

Renville  Cotinty  is  situated  on  the  north  side  of  the  Minnesota  River 
in  the  southwest  part  of  the  state,  with  Olivia  as  the  county  seat.  The 
greater  part  of  the  county  is  drained  southward  to  the  Minnesota  River, 
but  the  northeastern  part  is  drained  northeastward  by  Crow  River  to  the 
Mississippi.  The  cotinty  has  so  few  natural  drainage  lines  that  extensive 
ditching  has  been  found  necessary  to  carry  off  the  surplus  water. 

This  cotinty  is  a  great  prairie  till  plain,  with  only  a  few  narrow  drift 
ridges  or  weak  moraines  that  are  more  or  less  interrupted.  The  soil  is  a 
rich  black  clay  loam.  In  a  few  places  it  is  thickly  strewn  with  bowlders. 
Gravel  knolls,  which  are  of  high  value  for  road  ballast,  are  scattered 
widely  over  the  plain  and  strewn  along  the  lines  of  the  moraines.  The 
plain  stands  mainly  between  i,ooo  and  i,ioo  feet  above  sea  level,  though 
its  highest  points  are  slightly  above  i,ioo  feet.  On  this  upland  plain,  wet 
lands  can  largely  be  drained  and  rendered  tillable  at  moderate  expense. 
The  Minnesota  River  falls  50  feet  or  from  850  feet  above  sea  level  to  800 
feet  in  its  course  along  the  border  of  the  coimty.  Its  valley  has  numerous 
outcrops  of  granite  rock,  which  in  places  rise  to  a  height  of  100  feet  or 
more  above  the  stream,  or  to  within  about  50  feet  of  the  level  of  the 
bordering  uplands.  Parts  of  the  bottom  lands  are  wet  and  parts  are 
sandy  and  stony. 

Pwrcentages  of  Classes  of  Land  m  RsnvilU  County 

Square  miles    Per  cent 

Gravelly  knoUs  in  moraines  and  till  plains,  stony  loam 20  j.os 

Gray  drift  ridges,  pebbly  clay  loam no  ii.ss 

Gray  drift  till  plain,  black  day  loam 648  65.93 

Plains  with  sand  and  sandy  loam 12  1.J3 

Rock  outcrops  in  Minnesota  valley 13  1.33 

Sandy  and  stony  land  in  Minnesota  valley 15  1.53 

Wet  land  in   Minnesota  valley 10  1.03 

Upland   marshes   and  wet   lands 150  I5'33 

978  99-9« 

Farm  and  Crop  Data  for  Renville  County  from  Census  of  1910 

Rural  population  iSf794  or  16  per  square  mile 

Per  cent  of  land  area  in  farms 94.3 

Per  cent  of  farm  land  improved 87.x 

Average   acres   per   farm ao5.4 

Average  improved  acres  per  farm 178.9 

Value   of  all   farm  property $331685,584 

Per  cent  of  increase  1900  to  19x0 8X.7 

Value  of  all  crops   in    X909 $5>370,879 

Cereals  (wheat,  oats,  com,  barley,  rye) $4,780,876 

Other  grains  and   seeds $x  xS^'S 

Hay    and    forage*    $349,488 

Vegetables   $79*756 

Fruito  and  nuU  $16,685 

All    other    crops    %»SA7^ 

*Tame  grass,  33i400  tons;  wild  grass,  87,880  tons. 
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MCLEOD  COUNTV 

McLeod  County  is  situated  about  midway  of  the  state  in  the  fourth 
row  of  counties  from  the  south,  with  Glencoe  as  the  county  seat.  The 
drainage  is  nearly  all  northeastward  to  the  Mississippi  through  Crow 
River,  but  the  southern  end  drains  eastward  to  the  Minnesota. 

The  county  is  nearly  all  a  very  fertile  till  plain,  and  most  of  it  stands 
between  i,ooo  and  i,ioo  feet  above  the  sea,  there  being  remarkably  little 
range  in  altitude.  The  northwest  comer  is  strongly  morainic  as  it  em-« 
braces  the  southern  end  of  a  spur  from  the  great  morainic  system  formed 
on  the  east  side  of  the  Keewatin  ice  field.  This  spur  is  at  the  place  where 
the  Grantsburg  lobe  branches  off  from  the  main  or  Des  Moines  lobe. 
Gravel  knolls  are  scattered  over  the  county  in  such  a  manner  as  to  be 
accessible  for  road  ballast  in  nearly  every  township,  but  the  plains  have 
black  clayey  loam  with  but  few  pebbles  or  bowlders. 

Marshes  and  peat  bogs  are  inclosed  among  the  morainic  knolls  of  the 
northwest  part  of  the  county  and  also  fringe  some  of  the  lakes.  A  nar- 
row strip  of  sandy  gravel  follows  down  the  south  fork  of  Crow  River, 
which  may  have  been  a  line  of  glacial  drainage ;  but  aside  from  this  no 
outwash  plains  or  sandy  glacial  drainage  lines  were  noted. 

Pgreentagts  of  Cl^utt  of  Lmmd  m  McLtod  County 

S^nare  milet    Per  cent 

Gny  drift  moraine,  cUefly  peUdy  day  totm 6e  xa.09 

Gray  drift  till  plain,  Made  pebidy  day  loam 370  74.60 

Gravelly  knoUa  and  rid^ea,  atony  loam as  5.04 

Glacial  tnrrd  plaina  alone  Crow  River,  atony  loam '5  3*oa 

ICaralwa  and  boga  a6  5.J4 

496  99.99 

FoTM  amd  Crop  Data  for  McLtod  County  from  Census  of  /pro 

Rural  population  ia,J78  or  as  per  square  mOc 

Per  eent  of  land  area  in  farms 94'< 

Per  eent  of  farm  land  improved. ..••••.. ..••.•. 80.3 

Average  acrea  per  farm 131.8 

Averafe  in4»roved  acres  per  farm 105.8 

Vdne  of  dl  farm  property $33,120,3^7 

Per  cent  of  increase  1900  to  1910 85.3 

Vdne  of  all  crops  in   1909 $1,894*083 

Cereals  (wheat,  com,  oats,  barley,  rye) $s,38a,43i 

Other  grains  and  seeds $33i95i 

Hay  and  forage*   $3<9>X46 

Vegetables   $67»ioj 

Fnito    and    nuU    $13*787 

AH  other  crops  $67,666 

*  Tame  grass,  33,458  tons;  wild  grass,  51,19'  tons. 

SIBLEY  COUNTY 

Sibley  Coiinty  lies  west  of  the  north  flowing  portion  of  Minnesota 
River,  with  Gaylord  as  its  county  seat.  The  drainage  is  nearly  all  east- 
ward to  the  Minnesota.    A  narrow  strip  on  part  of  the  north  border  is 
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drained  northeastward  by  Crow  River  to  the  Mississippi.  The  altitude 
of  the  county,  outside  the  Minnesota  vall^,  is  remarkably  uniform,  there 
being  scarcely  lOO  feet  variation.  The  northwest  part  stands  about  1,050 
to  1,075  ^^^f  ^^'^  ihtrt  is  a  gradual  descent  to  the  southeast  part,  whidi 
is  about  975  feet.  The  Minnesota  valley  is  nearly  250  feet  deep,  the 
river  being  717  feet  at  the  south  line  of  the  county  and  just  below  700 
feet  where  it  leaves  the  county.  There  are,  however,  terraces  of  glacial 
gravel  along  it  100  to  125  feet  above  the  stream. 

More  than  90  per  cent  of  the  county,  outside  the  river  valley,  is  a 
smooth  till  plain,  which  was  largdy  prairie,  and  has  a  rich  blade  day 
loam  soil.  There  are  weak  morainic  ridges  in  the  southwest  comer  of 
the  county,  and  occasional  low  knolls  scattered  widely  over  the  county. 
The  knolls  and  the  morainic  ridges  contain  a  small  amount  of  gravel,  of 
great  value  for  road  ballast.  The  bottom  lands  and  terraces  of  the 
Minnesota  valley  are  generally  sandy.  There  is  a  small  amount  of  wet 
land  lying  below  the  level  of  the  highest  flood  stages  of  the  river.  This 
land  is  rich  and  can  be  farmed  except  in  years  of  ^exceptional  floods. 

P^ettttagM  of  Chtsts  of  l^md  in  Sihhy  County 

Square  milet    Per  cent 

Moraines  and  icattered  drift  knolls,  chiefly  pebbly  clay  loam 30  5. 11 

Tin  plain,  black  pdibly  clay  loam 470  80.40 

Upland  swampa  and  wet  land,  largely  capable  of  drainage,  black  clay  loam. .  60  loujs 

Sandy  bottoms  and  terraces  of  Minnesota  valley 10  1.71 

Wet  bottoms  of  Minnesota  valley 15  m.$6 

585  100.00 

Form  and  Crop  Daia  for  Sibloy  County  from  Ctnnu  of  ip/o 


Rnral  population  11,351  or  xp^  per  1 

Per  cent  of  land  area  in  farms P5.4 

Per  cent  of  farm  land  improved yp-S 

Aversge  acres  per  farm i73-8 

Average  improved  acres  per  farm • i)8.J 

Value  of  all  farm  property ^,006,868 

Per  cent  of  increase  xpoo  to  1910 67.4 

Value  of  aU  crops  in  1909 $3iii7i^xo 

Cereals  (wheat,  com,  oats,  barley,  rye) ij,678»8i7 

Other  graina  and  seeds $a3,3S4 

Hay  and  forage*  8<9ttX30 

Vegetables $6o^os 

Fruits  and  nuts $Ka.47s 

All  other  crops ISifSos 

*  Tame  grass,  22,12$  tons;  wild  grass,  67,183  tons. 

CARVER  COUNTY 

Carver  County  is  situated  on  the  west  side  of  the  north  flowing  part 
of  Minnesota  River  immediately  southwest  of  Hennepin  County,  and 
Chaska  is  the  county  seat  The  southeastern  part  of  Uie  county  drains 
into  the  Minnesota  River,  but  the  northwest  part  is  drained  to  the 
Mississippi  River,  chiefly  by  Crow  River. 
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This  county  is  largely  occupied  by  the  great  morainic  system  formed 
on  the  east  side  of  the  Keewatin  ice  field,  and  has  a  knoUy  surface  in- 
closing numerous  small  lakes  and  peat  bogs.  The  western  end  of  the 
county  is  a  till  plain,  a  continuation  of  the  great  plain  bordering  the 
Minnesota  valley.  There  are  also  small  till  plains  indosed  among  the 
morainic  ridges.  Outwash  plains  open  into  the  Minnesota  valley,  and  the 
discharge  of  glacial  waters  was  thence  northeastward  to  the  Mississippi. 

The  forests  and  lakes  give  a  pleasing  scenic  effect  and  attractive 
setting  for  suburban  residences.  The  county  is  traversed  by  several 
railroad  lines  leading  direct  to  Minneapolis,  and  thus  is  likely  to  have  in 
the  near  future  a  considerable  suburban  population.  It  is  also  favorably 
situated  for  quick  marketing  of  produce,  and  much  loose  textured  soil 
suitable  for  gardening.  Thus  far,  however,  it  has  been  chiefly  a  grain 
and  hay  producing  county.  The  till  plain  in  the  southwest  part  of  the 
county  has  a  rich  black  day  loam  soil  with  pebbly  clay  loam  subsoil. 

PtrettUagts  of  CUtutt  of  Land  in  Cmrvw  County 

Square  miles    Per  cent 

Gray  drift  moraines,  pebbly  clajr  loam  to  grsTdly  loam  soil 140  37.S3 

Ovtwash  plains  of  sandy  and  graTelly  loam • 11  j.93 

Tin  plains,  chiefly  of  pebbly  clay  loam 180  47*S7 

Marshes  and  bogs  on  uplands so  5.1a 

Sandy  bottoms  and  terraces  of  Hinttesota  valley 15  3.99 

Wet  bottoms  of  Hlnnesota  valley 10  »M 

37^  X  00.00 

Farm  and  Crop  Doia  for  Carvor  County  from  Consus  of  i9ro 

Kwal  popniatioii  Ii9a47  or  30  per  square  mile 

Per  cent  of  land  aren  ia  Isrms 89.9 

pier  cent  of  fiirm  land  improred S9*4 

Average  acrta  par  farm 108.6 

Avenge  improved  acres  par  nrm •• »..•• • • 64*$ 

Value  of  all  farm  property $jo,370,744 

Per  cent  of  increase  1900  to  19x0 xx8.o 

Value  of  aU  crops  in  1909 $s><64,6ss 

Cereals  (wheat,  com*  oats,  barley,  rye) $x,57x,o48 

Other  gnlns  and  seeds $1,7x7 

Hay  and  forage*  |40o,85X 

Vegetables $88,846 

Pnilta  and  ants i39>5x8 

AH  other  crops $x6s,675 

*Tame  grass,  46,934  tons;  wild  grass,  39,890  tons. 

SCOTT  COUNTY 

Scott  County  is  situated  on  the  east  side  of  Minnesota  River  with 
Shakopee  as  the  county  seat.  The  drainage  is  northwestward  to  the 
Minnesota  River,  except  a  few  square  miles  in  the  southeast  part  which 
drain  eastward  through  Vermilion  River  to  the  Mississippi.  The  Minne- 
sota valley  is  over  200  feet  in  depth,  the  river  being  below  700  and  the 
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bluffs  over  900  feet.  There  are  only  a  few  square  miles  of  the  county 
standing  above  1,100  feet. 

The  greater  part  of  the  county  is  strongly  morainic,  and  is  in  the 
great  morainic  system  formed  on  tiie  east  side  of  the  Keewatin  ice  field. 
A  till  plain  on  the  inner  border  of  this  morainic  system  occupies  the 
southwest  part  of  the  county.  Red  drift  is  intermixed  with  die  gray 
drift  in  notable  amount  in  the  east  part  of  the  county,  and  is  found  in 
outcrops  and  valley  slopes  beneath  the  gray  drift  clear  to  the  western 
end  of  the  county.  The  greater  part  of  the  drift,  both  in  the  moraines 
and  till  plains,  is  a  clayey  calcareous  till  with  pebbly  day  loam  soil.  There 
ar^  however,  occasional  knolls  of  gravel,  and  inclusions  of  gravel  in  the 
till  which  furnish  suitable  material  for  road  ballast 

The  Minnesota  valley  has  broad  terraces  of  sandy  gravel  at  various 
heights  up  to  more  than  100  feet  above  the  stream.  On  a  low  terrace 
west  of  Savage,  the  soil  is  in  places  light  dune  or  sand  but  from  Shakopee 
prairie  up  to  Belle  Plaine  prairie  there  is  usually  a  loamy  rich  soil.  Rock 
ledges  are  exposed,  or  covered  very  thinly  with  loam  and  gravel,  over 
an  area  of  several  square  miles  in  the  vicinity  of  Shakopee  and  Merriam. 
Low  bottoms,  subject  in  part  to  overflow,  occupy  about  one  fourth  of  the 
area  of  the  valley  in  this  county. 

Ptre^niages  of  Clmu€S  of  Lomd  i»  SeoH  County 

Square  miles    Per  cent 

Grajr  drift  mofmine,  chiefly  pebbly  clay  loam 180  49-iS 

Gray  drift  till  plain.  Mack  day  loam 7a  19.66 

Glacial  drainage  deposits  of  gravel  and  aand,  terraces  on  Minnesota  River  60  16.39 

Low  allnrial  tracts  along  the  Minnesota  Rirer so  $.47 

Marshes  and  bogs  on  uplands 34  9.J9 

366  99.99 

Farm  amd  Crop  DoU  for  Stoh  County  from  Cousut  of  /p/o 

Rural  population  9,885  or  ay  per  square  mile 

Per  cent  of  land  area  in  farms 88.7 

Per  cent  of  farm  land  improved.  • 64.3 

Average  acres  per  farm 136.8 

Average  improved  acres  per  farm 87'9 

Value  of  all  farm  property $14*6x0,955 

Per  cent  of  increase  1900  to  1910 67.S 

Value  of  all  crops  in  1909 $i»So7,505 

Cereals  (wheat,  com,  oats,  barley,  rye) $x,38o,x74 

Other  grains  and  seeds l4*8o8 

Hay  and  forage*   $s6x,776 

Vegetables  $5X,oxs 

Fruits  and  nuts $X4«X46 

All  other  crops $95»589 

*Tame  grass,  171X48  tons;  wild  grass,  37»303  tons. 

DAKOTA  COUNTY 

Dakota  County,  of  which  Hastings  is  the  county  seat,  lies  on  the  south 
Side  of  the  Mississippi,  opposite  and  immediately  below  St.  Paul.    This 
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county  was  settled  rapidly  in  pioneer  days,  owing  to  its  situation  along  a 
navigable  stream.  The  growth  in  population  since  1880  has  been  largely 
in  the  cities  and  villages.  Its  surface  was  in  part  prairie  and-  in  part 
covered  by  a  light  growth  of  oak  forest  which  was  easily  cleared. 

The  county  drains  eastward  to  the  Mississippi  River,  except  a  few 
square  miles  in  the  northwest  end,  which  drains  westward  to  the  Minne- 
sota River.  The  pr^lacial  course  of  the  Mississippi,  as  indicated  by  the 
well  records,  was  a  few  miles  south  of  its  present  course,  and  its  bed  is 
but  little  more  than  500  feet  above  sea  level.  The  present  river  has  a 
bed  150  to  175  feet  higher,  the  stream  being  about  670  feet  where  it 
leaves  the  county.  A  considerable  part  of  the  county  has  an  altitude  be- 
tween 900  and  I9000  feet.  The  pr^ladal  rock  surface  of  this  county, 
and  that  of  neighboring  parts  of  Washington,  Goodhue,  and  Rice  coun- 
ties, was  veiy  uneven,  there  being  isolated  mesa-like  uplands  and  buttes 
standing  100  to  200  feet  above  the  surrounding  lowland.  A  capping  of 
limestone  over  soft  sandstone  protected  the  sandstone  wherever  it  es- 
caped erosion,  while  the  unprotected  sandstone  was  greatly  broken  down. 
The  glacial  deposits  have  only  partially  concealed  the  old  escarpments 
of  the  mesas,  and  coated  their  table-like  surfaces  with  a  thin  cover,  ex- 
cept in  the  part  of  the  county  occupied  by  strong  moraines  of  the  red 
drift. 

The  moraines  of  young  red  drift  are  prominent  in  the  northwest  part 
of  the  county  in  the  great  bend  of  the  Mississippi  opposite  St  Paul  and 
Minneapolis.  They  are  overlapped  by  the  gray  drift  of  the  Keewatin 
ice  field  along  the  western  edge  of  the  county.  Extensive  red  drift  gravel 
plains  run  entirely  across  the  county  from  west  to  east,  and  descend  from 
an  altitude  of  900  feet  or  more  to  about  800  feet  The  valleys  of  the 
Vermilion  and  Cannon  rivers  are  also  gravelly. 

In  the  eastern  part  of  the  county  an  older  red  drift  is  extensively 
exposed,  while  in  the  southwestern  part  the  old  gray  drift  occupies  the 
surface,  except  where  covered  with  thin  deposits  of  later  drift  and  tra- 
versed by  lines  of  glacial  drainage  from  the  newer  drift 

A  large  part  of  the  old  red  drift  is  loose-textured  and  gravelly,  there 
being  but  a  small  admixture  of  clay.  It  includes  a  sharply  ridged  belt 
leading  southeastward  from  Hampton  nearly  to  the  Cannon  River.  But 
as  a  rule  its  surface  is  nearly  plane.  The  weathering  of  this  drift  is 
markedly  greater  than  that  of  the  young  red  drift ;  yet  it  seems  to  be  of 
post-Kansan  age,  for  it  lies  on  the  eroded  surface  of  the  Kansan  drift, 
or  old  gray  drift  of  the  Minnesota  reports. 

The  old  gray  drift  contains  a  large  amount  of  clayey  till,  but  it  has 
been  leached  of  calcareous  material  to  a  depth  of  several  feet,  and  thus 
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differs  from  the  young  gray  drift  in  which  limestone  pebbles  are  preserved 
nearly  to  the  surface. 

There  are  strips  of  loess  in  this  county  entirely  isolated  from  the 
large  loess-covered  areas  of  southeastern  Minnesota.  One  strip  about  a 
mile  in  average  width  runs  from  New  Trier  southeast  to  the  southeast 
comer  of  the  county.  Another  small  loess  area  lies  northwest  of  Farm- 
ington. 

Ptrcmi^gM  of  CUau  of  Lomd  im  Dokotm  Commiy 

Sqfun  milet    Per  cent 

Old  red  drift,  prertilinglj  gnvelly  loam 96  16.03 

Old  gnj  drift,  i^rcraiUiiglj  clayey  loam 60  10.01 

LocM,  pebblelett  tilt  Iomi a6  4.34 

Wiiconiia   red   drift,   ttony  clay   loam no  18.36 

Wiaconiia  red  drift  outwaah  and  gladal  drainage,  gravelly  loam  with  partial 

coTcr  of  aOt  loam  118  19.70 

Witconain  gray  drift,  aOty  day  loam 6a  xo.35 

AUaTitim  and  narihy  bottom*  along  the  Minaeaota  and  MiadarippI  rhren. .  aS  4.67 

Outwath  and  gladal  drainage  of  Wiaconain  gray  drift 3a  5.34 

Sandy  river  terracea  7  1.17 

Rock  areas  and  very  thin  drift jo  5.00 

Swamp!  and  bogi  (ontalde  river  valleys) 30  5.00 

599  99-99 

Form  omd  Crop  Doto  for  Dakoio  Couniy  from  Cotuns  of  i9n 

Rural  population  ix,a49  or  18.7  per  square  milo 

Per  cent  of  land  area  in  farms 86.0 

Per  cent  of  farm  land  improved 78.8 

Average  acres  per  farm t5J.5 

Average  improved  acres  per  farm xsai 

Value  of  all  farm  property $aa,986,004 

Per  cent  of  increase  1900  to  1910 94.9 

Value  of  all  crops  in  1909 $3ii77>70i 

Cereals  (oats,  com,  barley,  wheat,  rye) $a,i4a,6s8 

Other  grains  and  seeds l43»948 

Hay  and  forage*   $483,7x0 

Vegetables $38a,403 

Fruits  and  nuta $49»43a 

All  other  crops $7S»5So 

*Tame  grass,  5i»335  tons;  wild  grass,  11,047  tons. 

GOODHUE  COUNTY 

Goodhue  County  borders  the  Mississippi  River  in  southeastern  Min- 
nesota, with  Red  Wing  as  the  county  seat.  Like  Dakota  G>unty  it  was 
settled  at  an  early  date,  the  settlements  being  at  first  on  the  gravel  ter- 
races along  the  Mississippi  and  its  tributaries,  and  soon  after  on  the 
uplands. 

The  drainage  is  all  eastward  to  the  Mississippi,  the  north  part  being 
drained  chiefly  by  Cannon  River,  and  the  south  part  by  Zumbro  River. 
The  uplands  are  gently  undulating  to  rolling,  and  are  of  the  drainage 
erosion  type,  for  this  county  lies  outside  the  limits  of  the  young  or  Wis- 
consin drift,  and  there  has  been  developed  a  broad  dendritic  drainage  in 
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the  old  gray  drift.  Toward  the  eastern  side  of  the  county,  however,  the 
streams  drop  down  into  the  deep  pr^ladal  drainage. 

The  uplands  maintain  a  height  of  about  1,100  feet  dear  out  to  the 
Mississippi  in  the  district  bdow  Red  Wing,  but  are  somewhat  lower  in 
the  nortfi  part  of  the  county.  The  southwest  part  of  the  county  rises 
to  1,200  or  1,250  feet,  but  as  the  drift  there  is  about  100  feet  thick,  the 
rock  surface  is  about  the  same  altitude  as  at  the  bluffs  of  the  Mississippi, 
The  bluffs  are  very  precipitous,  being  formed  largdy  of  Paleozoic  lime- 
stone, and  rise  300  to  400  feet  or  more  above  the  Mississippi  and  the 
lower  courses  of  its  tributaries.  The  Mississippi  bdow  Red  Wing  is 
expanded  into  Lake  Pepin  with  an  altitude  of  664  feet  at  low  water, 
and  about  680  feet  at  high  water  stages. 

Along  the  Mississippi  and  its  main  tributaries,  Cannon  River  and 
Zumbro  River,  there  are  conspicuous  deposits  of  fine  gravd,  laid  down 
by  gladal  waters  which  escaped  from  the  edge  of  the  ice  when  it  covered 
the  upper  parts  of  these  valleys.  Along  the  Mississippi  the  outlet  of 
Lake  Agassiz  swept  away  a  large  part  of  this  glacial  gravel.  The  gravel 
was  carried  by  the  glacial  waters  into  lowlands  in  and  east  of  Red  Wing 
that  are  outside  the  present  course  of  the  Mississippi  but  which  open  into 
the  Mississippi  at  either  end.  The  gravel  filling  reached  about  800  feet 
above  sea  levd  in  the  vicinity  of  Red  Wing,  or  140  feet  above  Lake 
Pepin. 

The  northeast  part  of  the  cotmty  was  forested,  but  the  uplands  of 
the  central  and  southwest  parts  were  prairie.  A  large  part  of  the  uplands 
has  a  capping  of  loess  over  the  old  gray  drift.  That  in  the  forested  part 
is  of  brown  color,  while  that  in  the  prairie  is  a  dark,  nearly  black  silt 
loam.  The  brown  phase  is  classed  by  the  Bureau  of  Soils  as  Knox  silt 
loam,  while  the  dark  phase  is  called  Marshall  silt  loam.^ 

A  large  part  of  the  prairie  portion  of  Goodhue  County  has  no  capping 
of  loess,  and  the  old  gray  drift  is  at  the  surface.  It  is  largdy  a  dayey  till, 
and  is  classed  by  the  Bureau  of  Soils  as  Carrington  loam,  silt  loam,  and 
fine  sandy  loam.  In  a  few  places  gravelly  knolls  appear,  the  most  con- 
spicuous bdt  being  immediatdy  south  and  west  of  Zumbrota.  These  are 
classed  as  Miami  silt  loam,  gravd  hill  phase.  In  some  cases  the  slopes 
of  these  gravd  hills  have  a  capping  of  loess  which  throws  the  soil  into 
the  Knox  series.  About  six  square  miles,  however,  were  found  to  be 
gravelly  at  the  surface.  The  gravel  contains  much  limestone;  in  some 
cases  ^s  has  been  leached  out  to  a  depth  of  only  a  few  inches,  while 
in  other  cases  it  has  been  leached  to  a  depth  of  several  feet,  leaving  only 
the  cherty  parts  to  indicate  its  former  presence. 

1  Son  Barttj  of  Goodhue  Goimty.    FU!d  operations  of  tho  Buroom  of  SoiU  1913. 
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There  are  a  few  square  miles  of  old  red  drift  exposed  in  the  northern 
part  of  the  county  northwest  of  Welch.  This  is  looser  textured  and  more 
stony  than  the  old  gray  drift  which  it  overlies.  But  the  Bureau  of  Soils 
classes  this  drift  in  the  Carrington  series. 

The  glacial  gravel  and  sand  of  Wisconsin  age  is  classed  as  Waukesha 
loam,  gravelly  sandy  loam,  etc,  to  correspond  with  the  variations  in 
coarseness  of  the  soil 

The  low  bottoms  which  are  more  or  less  subject  to  overflow  are 
classed  as  Wabash  silt  loam,  loam,  or  fine  sandy  loam,  to  correspond  with 
variations  in  texture.  The  name  Wabash  silt  loam,  coUuvial  phase,  is 
applied  to  material  that  is  in  process  of  transportation  down  small  tribu- 
taries and  gentle  slopes  into  the  main  valleys.  This  often  contains 
bowlders  and  other  coarse  materiaL 

The  rough  stony  land  embraced  in  the  steep  bluffs  is  estimated  by 
the  Bureau  of  Soils  to  include  4.8  per  cent  of  the  county,  but  much  of 
this  is  suitable  for  pasture,  as  it  carries  soil  and  disintegrating  Ume 
material  that  gives  grasses  a  good  growth. 

The  loess  soil  of  this  r^on  was  for  many  years  devoted  to  wheat 
growing,  but  of  late  barley  has  taken  the  place  of  wheat,  while  there  has 
been  a  gradual  change  to  diversified  farming. 

Ar€M  of  Difftreni  SoiU  l»  Goodhms  Couuiy  (from  Buroou  of  Soiit  Roport) 

Acres         Percent 

Knox  lilt  loam   (loett)    sii»soo  43.0 

Wabash  lUt  loam  (alluTlam) 191648  4.0 

GoUuTial  phaae   a5t344  5** 

Manhall  lOt  loam  (loett) 36,864  7.5 

Carrington  tilt  loam  (old  till) 3<f44S  6.6 

Fargo  tilt  loam  (old  till)    a4,640  5.0 

Rough  ttony  land  (rock  blu£Ft)   *3,SS»  4.8 

Carrington  loam  (old  till) sif504  4^ 

Miami  tilt  loam  (over  glacial  gravel) 16,768  3.4 

Gravel  hill  phate 4i03s  n.8 

Wauketha  tilty  claj  loam  (alluvial) iS>36o  3.1 

Carrington  tOty  day  loam  (old  till) 131696  a.8 

Waukesha  fine  tandy  loam  (alluvial) 7f5S<  x.S 

Wauketha  loam  (alluvial)   5»3X<  i*> 

Red  Wing  loamy  tand  (colluvial) 5,184  i.x 

Carrington  fine  tandy  loam  (old  till) 4fl67S  i-O 

Miami  loamy  tand  (colluvial) 4fa<4  o*9 

Miami  fine  tandy  loam  (colluvial) 4*160  0.9 

Meadow  (allinrial)  3*136  0.6 

Wabath  loam  (alluvial)   a,iia  o^ 

Wabath  fine  tandy  loam  (alluvial) 2,048  0.4 

Knox  fine  tandy  loam  (upland  tand) 2,048  ou|  ' 

Wauketha  loamy  tand  (alluvial)  x,6oo  03 

Sogn  clay  loam  (retiduary) 1,47a  0.3 

Wauketha  gravelly  tandy  loam  (alluvial) 1,088  o.j 

Wabath  gravelly  tandy  loam  (alluvial) 960  o.a 

Plainfield  tilt  loam  (alluvial) 256  0.1 

490,880  X00.O 
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A.       SLOPE    OF   THE  COTEAU   DES   PRAIRIES    NEAR   CANBY.      GRAY   DRIFT    MORAINE 


B.       ERODED    UPLAND  IN  OLD  GRAY    ( KAN  SAN )    DRIFT  NORTHEAST  OF  ZUMBROTA 


C.       BROAD  VALLEY   CUT  IN   OLD  GRAY    (kANSAN)    DRIFT   WEST  OF   KENYON 
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FflTM  9md  Crpp  Datm  for  Goodkms  County  from  Connu  of  /pfo 

Rnnl  popolatioa  17*403  or  M.7  per  tquare  mile 

Per  ceat  of  land  tree  in  fume 94.1 

Per  cent  of  farm  lend  improved. •• 77.9 

ATcnge  acrce  per  &rm ise.e 

Average  improved  acrea  per  farm 118^ 

Value  of  all  farm  propertj $3a»a66»66j 

Per  ceat  of  Increaae  1900  to  1910... • ...• 7S.8 

Valoe  of  an  cropa  in  1909 I3f997>7i7 

Cereala  (bariej.  oata,  com,  wheat,  rye) M>944»'SS 

Other  fraina  and  aeedt $x96t940 

Her  and  forage* I618454 

VegetaUea |ioo,a87 

Fmita  and  nnta l39>>io 

An  other  crope l9B*S3S 

*  Tame  grau  100,403  tona;  wild  gran  $,697  tone. 

WCE  CX)UNTY 

Rice  County,  with  Faribault  as  its  county  seat,  is  located  in  south- 
eastern Minnesota.  The  land  area  is  495  square  miles,  and  there  is  an 
additional  21  square  miles  in  lakes.  The  greater  part  of  the  county  is 
drained  by  Cannon  River  northeastward  to  the  Mississippi  at  Red  Wing, 
but  the  southeast  part  is  drained  eastward  by  the  Zumbro  River.  The 
northwest  comer  is  drained  northward  to  the  Minnesota  River. 

About  100  square  miles  along  the  eastern  side  of  the  county  lie 
outside  the  limits  of  the  Wisconsin  drift,  and  this  old  drift  area  comprises 
most  of  the  prairie  portion  of  the  county.  It  also  includes  the  highest 
land  in  the  county  which  is  found  in  the  southeast  part  and  reaches  an 
altitude  of  nearly  1,300  feet.  The  western  half  of  the  cotmty,  even 
where  occupied  by  sharp  morainic  ridges,  is  largely  between  1,000  and 
1,100  feet.  The  lowest  land  in  the  county  is  in  the  valley  of  Cannon 
River,  which  falls  to  about  900  feet  at  Northfield  on  the  north  edge  of 
the  county. 

The  old  drift  has  an  undulating  surface  produced  by  broad  wide  open 
drainage  lines.  These  are  excavated  in  the  drift,  except  in  the  northeast 
comer  of  the  county,  where  they  drop  into  pr^ladal  valleys  and  low- 
lands. In  that  part  of  the  county  there  are  a  few  flat-topped  mesas  in 
which  limestone  caps  the  soft  St.  Peter  sandstone.  The  lowlands  arotmd 
these  mesas  are  filled  with  an  old  gravel  covered  by  a  few  feet  of  black 
loam  soiL  The  mesas  are  generally  covered  to  a  depth  of  a  few  feet  by 
a  day^  till.  The  old  gray  drift  of  the  eastem  part  of  the  county  is 
chiefly  a  pebbly  day  loam,  classed  by  the  Bureau  of  Soils  as  Carrington 
loam,  and  Carrington  silt  loam.'  There  are  small  loess-covered  areas  in 
it  occupying  about  8  square  miles  in  the  district  between  Northfield  and 
Nerstrand.    This  is  classed  as  Marshall  loam  by  the  Bureau  of  Soils. 

*  Soil  Survej  of  Rice  County.    Field  Optrations  of  the  Bureau  of  SoiU,  1909. 
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Arm  of  Dii§nmi  S&iU  im  X<c#  Coumi^f  (fr^m  Bm^wm  of  SpiU  Report) 

Acres         Per  cent 

Gurington  kam  (chiefly  nonlne) 84*096  26.3 

"Eroflioii  pbate"  (rough  nonine) 39»s96  13.3 

Meadow    40,83s  isJi 

(^tfrington  silt  loam  (chiefly  old  tin) 38,144  12.9 

Fsffo  day  loam  (chiefly  Wlsconsiii  till  plain) 34,834  7-S 

Farfo  silt  kam  (chiefly  Wiaconsiii  tlU  plain) ss^yso  7*1 

Peat  i6^M  B*i 

Corrinfton  clay  loam  (chiefly  motalne) is,544  3-9 

(Harrington  sandy  loam  (chldly  moraine) 11,840  3*7 

Sioax  sandy  kam  (gladal  drainage) 10,75'  3-4 

Slom  silt  kam  (^adal  drainage) 7,744  s^ 

IfarshsW  loam  (loeas)    4,99s  1.5 

Sioux  graTcUy  loam  (glacial  drainage) s,304  0.7 

Boone  sand  (collaTial,  residual)   s»a40  0.7 

Sioux  fine  sandy  loam  (gladal  drainage) 1,344  0.4 

3JOkOOO  100.0 

Farm  tmd  Crop  Dota  for  Rico  Couniy  from  Coniui  of  /910 

Rural  population  11,813  or  S4  per  square  mfle 

Per  eent  of  land  area  in  farms 94.0 

Per  cent  of  farm  land  improved 77.0 

Average  acres  per  farm xs5.j 

Average  improved  acres  per  farm .•••«••«•■•••.*••.•••.••....••..••..•••.••••••■  96'4 

Value  of  an  farm  property Ms»7S3f49s 

Per  eent  of  increase  1900  to  1910 60^ 

Value  of  aU  crops  in  1909 $a,i9i4,736 

Cereals   (oats,  wheat,  corn,  barley,  rye) ••• ••••• $s,ixo,966 

Other  grains  and  seeds • l3S,5iz 

Hay  and  forage* $463,143 

Vegetables 197,766 

Fruits  snd  nuts $s9f494 

An  other  crops • • $x8o,8s6 

*  Tame  grass  sif06o  tons;  wild  grass  3S,6s8  tons. 

A  large  part  of  Rice  Cotmty  is  occupied  by  the  system  of  moraines 
which  were  formed  on  the  east  side  of  the  Keewatin  ice  field  and  run 
north  to  south  across  the  county.  Among  the  morainic  ridges  and  kn(>Ils 
there  are  small  till  plains,  but  the  moraines  are  woven  together  in  an 
intricate  manner.  The  soil  of  the  moraines  is  classed  in  the  Carrington 
series  by  the  Bureau  of  Soils,  while  the  till  plains  are  chiefly  Fargo  silt 
loam,  and  Fargo  clay  loam,  but  part  of  the  till  plain  is  in  the  Carrington 
series.  There  are  numerous  peat  bogs  inclosed  among  the  morainic 
knolls  and  ridges,  and  the  depressions,  when  not  peaty,  have  usually  a 
darker  colored  soil  than  the  bordering  higher  and  better  drained  land. 

The  young  gray  drift  overrode  the  moraines  of  the  red  drift  in  north- 
em  Rice  County  but  made  so  heavy  a  deposit  that  the  red  drift  is  com- 
pletely concealed.  Red  drift  material,  however,  is  found  involved  in  the 
gray,  either  in  masses  or  mixed  more  thoroughly.  The  red  drift  may 
in  some  cases  have  been  carried  farther  south  than  its  original  position. 
Such  seems  to  have  been  the  case  in  an  exposure  noted  on  the  Rock 
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Island  Railroad  at  the  north  line  of  Cannon  City  Township,  five  miles 
north  of  Faribanlt. 

The  glacial  outwash  and  glacial  drainage  dqiosits  are  classed  by  the 
Bnreau  of  Soils  as  Sioux  gravelly  loam  and  Sioux  sandy  loam.  The  silt 
covered  old  gravel,  in  the  northeast  part  of  the  county,  is  classed  as  Sioux 
silt  loam. 

LB  sxncua  coumty 

Le  Sueur  County  is  situated  on  the  east  side  of  the  north  flowing  part 
of  the  Minnesota  River  in  southern  Minnesota,  with  Le  Sueur  Center  as 
the  county  seat  The  greater  part  of  the  county  drains  northwestward 
into  the  Minnesota,  but  the  southeast  comer  is  drained  eastward  by 
Cannon  River  to  the  Mississippi. 

The  eastern  edge  of  the  county  is  strongly  morainic,  and  a  prominent 
tnorainic  spur  extends  westward  past  Elysian  about  6  miles  farther  than 
the  rest  of  the  moraine.  Between  the  moraine  and  the  Minnesota  valley 
is  a  till  plain  lo  to  15  miles  wide  with  scarcely  any  knolls,  but  with  nu- 
merous basins  and  small  lakes.  A  line  of  glacial  drainage  heading  at 
Elysian  leads  eastward  through  the  moraine  and  down  the  Cannon  valley. 

The  morainic  area  as  well  as  the  till  plain  is  largely  composed  of 
clayey  till  with  a  pebbly  clay  loam  soil.  But  in  the  morainic  spur  near 
Elysian  there  is  a  large  amount  of  gravelly,  loose-textured  drift 

The  Minnesota  valley  is  about  250  feet  deep  along  the  border  of 
this  county,  but  part  of  it  is  filled  with  glacial  drainage  deposits  of  sandy 
gravel,  the  highest  of  which  stand  about  150  feet  above  the  stream. 
These  gravelly  plains  were  occupied  in  part  by  prairie,  but  the  remainder 
of  the  county  was  covered  with  hardwood  forest.  The  outlet  of  Lake 
Agassiz  removed  a  large  part  of  the  glacial  gravel,  and  in  places  exposed 
rock  ledges  which  appear  along  the  valley  up  to  a  height  of  50  to  75 
feet  or  more  above  the  stream. 

Ftre^uiages  of  CtauM  of  Lamd  in  Le  Sueur  Couniy 

Square  mflet    Per  cent 

Gnvd  hllle  Mid  ttony  loam  in  moraine M4  5.1s 

Moraine  with  pebbly  day  loam  aoil loa  ai.88 

TfU  plain  ddeflj  pebblj  day  loam  aoU *8o  tfo.08 

GrsveDr  ontwaih  and  glacial  drainage as  5*38 

Kock  ledges  in  Minneaola  valley 8  1.71 

AUvvial  bottoma  with  Tariable  aoil 17  3*65 

lianhes  and  terrace  awampf  on  uplands 10  a.15 

466  100.00 

Fttrm  tmd  Crop  Data  for  Lo  Suour  County  from  Census  of  /9/0 

Saral  population  it^y  or  24.3  per  iqaare  mile 

Per  cent  of  land  area  in  farms. . . .- S7.8 

Per  cent  of  farm  land  improved 6S.3 

Average  acres  per  farm 118.1 
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Farm  mmd  Crop  Data  for  Le  Sufwr  County  (Coutmuod) 

Average  improved  acres  per  farm « . . ..  73.5 

Value  of  ail  farm  property 1*0,048,441 

Per  cent  of  inereaae  1900  to  1910 8o.a 

Value  of  all  cropi  in  1909 M»473>797 

Cereala  (wheat,  com,  oata,  barley,  rye) |j,oo4»730 

Other  grain!  and  secdi |3«944 

Hay  and  forage*  $148,044 

Vegetable! • $69,016 

Fmha  and  nuta $i7»76i 

All  other  cropi $130,19* 

*Tame  grass,  3if353  tons;  wild  grass,  35,664  tons. 

NICOLLET  COUNTY 

Nicollet  Comity  is  situated  on  the  north  side  of  the  great  bend  of 
the  Minnesota  River  in  southern  Minnesota,  with  St.  Peter  as  its  county 
seat.  The  drainage  is  all  south  or  east  to  the  Minnesota,  but  in  much  of 
the  county  natural  drainage  lines  are  poorly  developed,  and  it  has  been 
necessary  to  extend  ditches  over  such  areas.  There  are  several  shallow 
lakes  on  the  uplands  occupying  about  20  square  miles,  around  which 
is  marshy  land  with  an  additional  10  square  miles.  Ditching  has,  how* 
ever,  reduced  the  marshes  and  wet  areas  very  materially. 

The  county  is  nearly  all  a  prairie  till  plain  with  rich  black  loam  soil 
and  pebbly  clay  loam  subsoil.  A  morainic  strip  with  two  somewhat  dis- 
tinct ridges  or  members  leads  across  the  western  part  of  the  county  from 
Clear  Lake  past  Klossner  to  the  Minnesota  valley  at  Cortland.  The 
moraine  has  some  knolls  of  gravel,  but  always  with  clay  till  surface. 

The  Minnesota  valley  is  cut  to  a  depth  of  about  200  feet  below  the 
bordering  till  plain.  Near  St.  Peter,  and  also  near  Cortland,  there  is  a 
wide  remnant  of  a  glacial  gravel  deposit,  but  generally  the  low  bottom 
lands  extend  back  to  the  bluffs.  The  glacial  river  that  was  the  outlet 
of  Lake  Agassiz  uncovered  rock  ledges  in  the  east  part  of  the  county, 
and  between  Cortland  and  New  Ulm. 

Percentages  of  Classes  of  Land  in  Nicollet  County 

Square  miles    Per  cent 

Moraines  largely  claye7>  pebbly  clay  loam 40  9-OJ 

Till  plains  chiefly  black  clay  loam 330  74-49 

Upland  marshes  and  bogs % 10  i.s5 

Glacial   gravel   in   Minnesota  valley 9  *'^3 

Alluvial  deposits  in  Minnesota  valley 50  ii.s8 

Rock  outcrops  in  Minnesota  valley 4  o*9i 

433  99-99 

Form  and  Crop  Data  for  Nicollet  County  from  Census  of  1910 

Rural  population  7,9S9  or  17.9  per  square  mile 

Per  cent  of  land  area  in  farms 9^-5 

Per  cent  of  farm  land  improved 7^*3 

Average  acres  per  farm i8s.4 

Average  improved  acres  per  farm i34-i 

Value  of  all  farm  property $x5.863,s89 
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Farm  tmd  Crop  Data  for  NieoUtt  County  (Continued) 

Per  cent  of  increase  1900  to  1910 56.J 

Value  of  all  crops  in  1909 $s,349,36s 

Cereals  (wheat,  com,  oats,  barlej*  rye) ^i>95x*54i 

Other  grains  and  seeds l>o,S97 

Hay  and  forage* $264,330 

Vegetables $6o,sx6 

Fruits  and  nnts • $141639 

All  other  crops $48,039 

*Ta]Dc  grass,  17,610  Urns;  wild  grass,  S4f967  tons. 

BROWN  COUNTY 

Brown  County,  of  which  New  Ulm  is  the  county  seat,  lies  on  the 
south  side  of  the  Minnesota  valley  in  southern  Minnesota.  The  drainage 
is  all  eastward  into  the  Minnesota  chiefly  through  Cottonwood  and  litHe 
Cottonwood  rivers.  From  an  altitude  of  over  1,200  feet  in  the  southwest 
comer  of  the  county,  the  upland  plain  slopes  gently  northeastward  to 
about  1,000  feet  at  tiie  bluff  of  the  Minnesota  River.  The  river  is  in  a 
valley  200  feet  deep,  and  falls  from  804  feet  at  the  west  line  to  about 
780  feet  at  the  east  line  of  the  county. 

There  are  sharp  moraines  with  well-defined  outwash  plains  and  lines 
of  glacial  drainage  crossing  the  southwest  part  of  the  county.  There  is 
also  a  moraine  traversing  the  central  part  of  the  cotmty  from  northwest 
to  southeast.  But  the  greater  part  of  the  county  is  a  prairie  till  plain 
with  rich  black  loam  soil  and  pebbly  clay  loam  subsoil.  Forest  is  con- 
fined to  narrow  strips  along  the  Cottonwood  and  Minnesota  valleys. 
Gravel  knolls  occur  here  and  there  on  the  plain,  and  they  are  numerous 
in  the  moraines.  The  gravelly  outwash  plains  of  the  southwest  part 
of  the  county  are  continued  eastward  in  lines  of  glacial  drainage  which 
form  a  network  of  channels  leading  across  from  the  Little  Cottonwood 
to  the  Watonwan  River.  Their  courses  were  determined  by  the  edge 
of  the  ice,  and  not  by  the  most  rapid  slope  of  the  land.  The  present 
streams  are  more  nearly  adjusted  to  the  general  slope  of  the  country. 
The  Minnesota  valley  has  small  remnants  of  a  filling  with  glacial  gravel 
to  a  height  of  over  100  feet  above  the  river.  The  city  of  New  Ulm 
stands  on  one  of  these  remnants. 

Percontagos  of  Classes  of  Land  im  Brown  County 

Square  miles    Per  cent 

Gravellj  knolls  chiefly  in  moraines,  stony  loam 8  1.30 

Moraines  of  clayey  till,  pebbly  clay  loam 75  IS.S5 

Till  plain  with  black  clay  loam  soil 460  75.16 

Outwash  grsTcl  and  sand  and  glacial  deposits 40  6.53 

Gravel  terraces  along  Minnesota  valley a  0.3s 

Alluyial  bottoms  of  Minnesota  valley 34  3'0< 

Bare  rock  in  Minnesota  bottoms 3  0.49 

6ia  99.97 
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Pmm  md  Crpp  Datm  for  Brvmm  County  from  Couaus  of  t^to 

Knral  popolatioB  lo^io  or  16.3s  per  iqnare  mile 

Per  cent  of  land  arcA  in  fumi 93-S 

Per  ecnt  of  farm  land  iaiprovod 8m 

Average  acrea  per  fann momj 

Average  improved  acres  per  farm i7e>3 

VahM  of  an  farm  proper  ti • Mo,999ts8s 

Per  ecnt  of  inereaie  ipoo  to  1910 S7«5 

Valve  of  all  crops  in  1909 '1M>930>^5S 

Ccreala  (wheat,  com,  oats,  barlej,  rye) Mf44S>S^ 

Other  grains  and  seeds $s9t067 

Bar  and  forage*  $330»S96 

Vegetables I70,s66 

Fruits  and  nnts %J*,79^ 

All  other  crops %4»A** 

*  Tame  grass,  JO,657  tons;  wOd  grass,  7x»440  tons. 

REDWOOD  COUNTY 

Redwood  County  is  situated  on  the  south  side  of  the  Minnesota  val- 
ley in  southern  Minnesota,  with  Redwood  Falls  as  the  county  seat. 
The  drainage  is  all  east¥rard  to  the  Minnesota  River,  chiefly  through 
Redwood  and  Cottonwood  rivers.  The  county  is  largely  a  plain  standing 
between  i,ooo  and  1,200  feet,  but  the  southwest  comer  rises  to  about 
1400  feet.  The  Minnesota  valley  is  cut  to  a  depth  of  200  feet  below  the 
bordering  plain,  the  river  being  842  feet  at  the  western,  and  804  feet  at 
the  eastern  limits  of  the  county. 

There  are  several  moraines  formed  along  the  south  edge  and  south- 
east end  of  the  Keewatin  ice  field  as  it  was  melting  back  across  the  plain 
that  borders  the  Minnesota  River.  One  morainic  belt  is  in  the  southwest 
comer  of  the  county;  another  follows  the  north  side  of  the  Cottonwood, 
and  another  the  north  side  of  the  Redwood  valley.  This  last  moraine 
splits  into  three  narrow  ridges  that  run  southeastward  through  the  eastern 
part  of  the  cotmty.  There  is  also  a  later  moraine  in  the  extreme  north- 
west comer  of  the  county.  The  moraines  are  usually  a  clayey  till,  but 
in  places  gravel  knolls  become  conspicuous.  This  is  notably  the  case 
in  the  slender  ridges  in  the  east  part  of  the  county.  There  is  a  prominent 
strip  of  gravel  knolls  and  ridges  immediately  east  and  south  of  Revere, 
which  trends  southwestward  toward  a  moraine  in  Cottonwood  County, 
instead  of  paralleling  the  course  of  moraines  of  this  r^on.  It  is  not, 
however,  a  definite  gravel  or  esker  ridge,  but  has  much  irregularity  of 
form  and  of  structure,  for  considerable  till  is  included  with  the  gravel 

Glacial  drainage  seems  to  have  been  rather  weak  along  the  border 
of  the  moraines,  and  deposits  of  sand  and  gravel  are  scanty.  It  is  prob- 
able that  the  water  was  ponded  in  places  along  the  edge  of  the  ice  during 
the  development  of  some  of  the  moraines.  The  plains  bordering  the 
moraines  have  a  rich  black  clay  loam  soil,  as  this  was  a  prairie  r^on. 
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The  moraines  have  a  hrown  clay  loam  soil  where  most  prominent,  but 
the  parts  with  a  gentle  slope  have  a  darker  soil. 

Rode  outcrops  are  conspicuous  along  the  Minnesota  River  and  up 
Redwood  valley  as  far  as  R^wood  Falls.  The  granite  is  in  places  capped 
by  cretaceous  deposits  in  the  river  bluffs,  but  is  generally  swept  bare 
in  the  valleys.  It  rises  in  places  fully  100  feet  above  the  stream,  and 
at  Redwood  Falls  attains  an  altitude  of  nearly  200  feet  above  the  Minne- 
sota River,  or  1,000  feet  above  sea  level.  The  Minnesota  valley  has  in 
this  county  but  little  good  farm  land  because  of  the  extensive  outcrops 
of  ledges,  and  because  portions  of  it  are  subject  to  overflow. 

F4rc0mia0€i  of  CUuus  of  LamA  m  Rodiwood  Couuiy 

Sqotn  miiet    Per  cent 

Gnvdly  kaolk  aad  ridges,  ptrdj  moraink,  itOBy  loftm 10  1.13 

darey  monine,  brown  to  black  pebldy  daj  loftm 150  17.03 

Border  drainafle  witb  nndy  deposits a4  M.fM 

Tin  ptain*  black  daj  loam 670  76.0s 

Sock  outcrops  along  Minnesota  Tallej 15  x.70 

Alhnrial  dcpoaita  along  Minnesota  vaUer is  i-dS 

88x  99-99 

Fmm  omd  Crop  Datm  for  Rodwood  County  from  Comiui  of  i9n 


Rural  popalsAioB  ia»76o  or  14.5  per  sqoare  milo 

Per  eent  of  land  area  in  farms • .  • 93«5 

pier  cent  ox  fsiiii  land  Improved •••••••••••••••••■•••••••••••■•••••••■••••••••••  o3«s 

Average  acres  per  farm* •••••••••■••••••••••■••••••••••••••••••••••••••••••••••  sj8.s 

Average  improred  acres  per  farm •»..•••••••••••••• ••••• 189.8 

Vahie  of  all  farm  proper ti • |3o»s3ii>^ 

Per  cent  of  increase  tpoo  to  19x0 83.3 

Vahw  of  an  crops  in  1909 $S»745>36o 

Cereals  <osts,  eom*  wheat,  barlejt  rye) |3>>58,S79 

Other  gnina  and  seeds 891*567 

Hay  and  forage*  |s95>639 

Vegetables |78»o8o 

Fruits  and  nuts 8is>897 

An  other  crops $8,898 

*Taae  grassb  3i«8x9  tons;  wild  grass,  59*116  tons. 

LYON  COUNTY 

Lyon  County  is  located  in  the  southwest  part  of  the  state,  with 
Marshall  as  the  county  seat.  The  drainage  is  all  eastward  into  the  Min- 
nesota River,  mainly  through  Redwood  and  Cottonwood  rivers.  A  few 
townships  in  the  southwest  part  are  on  the  slope  of  the  Coteau  des 
Prairies  with  an  altitude  ranging  from  1,750  feet  down  to  about  1,300 
feet  The  remainder  of  the  county  stands  mainly  between  1,100  and 
1,300  feet,  and  slopes  gradually  northeastward. 

A  prominent  morainic  system  which  was  formed  on  the  southwest 
side  of  the  Keewatin  ice  field  lies  across  the  southwest  part  of  the 
county,  its  several  constituent  members  being  ranged  one  below  another 
on  the  slope  of  the  Coteau  des  Prairies.    Weaker  moraines  across  the 
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northeast  part  of  tiie  county  run  from  northwest  to  southeast  One  of 
them  passes  through  ManJiall  and  others  cross  the  northeast  corner 
of  die  county.  AU  iht  moraines,  whetfier  weak  or  stroog,  are  coaqx)8ed 
mainly  of  clayey  till,  and  have  a  brown  pd>bly  day  loam  soiL  The  till 
plains  which  lie  between  the  moraines  have  a  Made  day  loam  soil  with 
pebbly  day  loam  subsoiL 

There  is  remarkably  little  outwash  gravd  connected  with  the  moraines  | 
in  this  county.  A  few  gravd  knolls  occur  near  Balaton,  and  others  near  | 
RussdL  There  are  definite  border  drainage  duumds  along  the  sooth  i 
side  of  the  weak  moraines  in  the  northeast  part  of  the  coonty,  which  I 
are  in  places  covered  to  a  slight  depth  with  sand  and  fine  gravd. 

Pmmit^u  9f  CUuu  vf  LmA  im  Lyom  Couuiy 

Sqnve  aflet    Per  ecftt 

GfftveUr  moniiic*  itoBy  loam S5  3*53 

CUycr  ffloraliM*  pebUy  day  kam sjs  31.77 

nn  pltia  chiefly  black  day  loam 390  S5*«9 

Ootwaah  and  aaady  glacial  drainage  dcpoeita 30  4.M 

ICanhy  abaadoned  channela  18  a.54 

Allurial   depoiita   so  a.8a 

708  99.99 

Form  amd  Crop  Datm  for  Lyon  County  from  Comtms  of  ign 

aural  population  9,064  or  ia.8  per  iqaare  mile 

Per  cent  of  land  area  in  farma 88.6 

Per  cent  of  farm  land  improved 85.7 

Average  acrea  per  farm ^38.7 

Average  improved  acrea  per  farm 904.6 

Value  of  all  farm  property M3t059»304 

Per  cent  of  incrcaae  1900  to  1910 95.9 

Value  of  all  cropa  in  1909 M»59i»6s3 

Cereala  (oata,  com,  barley,  wheat,  rye) $a,i3a,6ia 

Other  grains  and  seeds ^>96i 

Hay  and  forage*  $379,949 

Vegetables |59>9SS 

Fruits  and  nuts $7>6o6 

All  other  cropa 8si^oo 

*Tame  graas,  31,439  tona;  wild  ^aaa,  3s»997  tona. 

UNCOLN  COUNTY 

Lincoln  County  is  situated  on  the  west  border  of  the  state  in  south- 
western Minnesota,  and  embraces  a  land  area  of  535  square  miles,  in 
addition  to  which  there  are  19  square  miles  in  lakes.  The  county  is 
crossed  from  the  northwest  to  southeast  by  the  crest  of  the  Coteau  des 
Prairies.  The  northeast  slope  of  the  Coteau  is  drained  to  the  Minnesota, 
while  the  southwest  is  drained  to  the  Big  Sioux  and  thence  to  the  Mis- 
souri River. 

The  crest  of  the  Coteau  is  a  moraine  that  leads  southeastward  through 
the  southwest  part  of  the  cotmty  past  the  south  end  of  Lake  Benton. 
This  moraine  has  three  deep  notches  in  it  within  the  limits  of  this  county, 
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which  permit  drainage  from  its  inner  border  to  pass  through  it  into  the 
Sioux  River  system.  The  altitude  of  the  highest  points  on  the  moraine 
is  nearly  2,000  feet,  and  there  are  several  square  miles  standing  above 
1,900  feet.  The  bordering  till  plains  on  each  side  of  the  moraine  are 
also  very  elevated,  much  of  their  area  in  this  county  being  above  1,800 
feet.  Glacial  drainage  lines  led  from  this  moraine  southwestward  into 
South  Dakota  to  the  Big  Sioux  vall^. 

The  northeast  half  of  Lincoln  County  is  largely  morainic,  there  being 
only  narrow  till  plains  between  conspicuous  ridges.  These  ridges  are 
arranged  one  below  another  on  the  slope  of  the  Coteau,  the  altitude  of 
the  outer  ones  being  1,700  to  1,800  feet,  and  of  the  inner  1400  feet 
or  less. 

The  strong  moraines  of  this  county  include  much  loose-textured 
cobbly  and  bowldery  drift,  with  a  stony  loam  soil,  but  there  are  large 
sections  with  clayey  till  and  oofy  a  moderate  number  of  stones.  The  till 
plains  have  a  pebbly  clay  loam  soil. 

P0rc€utag§i  of  Clatstt  of  Lamd  m  Lmeoln  County 

Square  miles    Per  cent 

Horaiaie  drift  wiUi  itoiiy  kaiB  mO 75  Z4.0S 

Chycy  moniiM^  pebbljr  clay  locm 130  a4'3o 

Tin  plaiBS  with  atoajr  loam  toll • 30  5.59 

Tm  plaiBS  with  black  day  loam  ton s6S  so-io 

Ontwaah  plaisa  asd  midy  gladal  dialiiafe is  a.S4 

Manhca  aad  bogs  so  3.74 

535  99.99 

Fotrm  amd  Crop  Dota  fof  Lmeoln  County  from  Census  of  1910 

Rural  populatioa  7,4^  or  14  per  square  mile 

Per  cent  of  land  area  la  farms V 89.4 

Per  oeDft  of  farm  land  improred.......... •••••.••.•••.•••••••••••••■••  •■•••••••  81*4 

Averafe  acres  per  farm S34.8 

Average  impro'vcd  acres  per  fsrm. ••...•.•.••.••••••••.•■••.•■••.••«..•••..•••••  i9i*s 

Value  of  an  farm  property |iS*7<9»s>5 

Per  cent  of  ioerease  1900  to  1910 104.9 

Value  of  an  crops  in  1909 |X|B30*47S 

Cereala  (oata,  barley,  wheat,  com,  rye) $i»333t054 

Other  grains  aad  seeds |i94f437 

Hay  and  forage*  • $s6o,os7 

Vegetabico l37f8<o 

Fruits  and  nuta • $<t967 

All  other  crops .' $Sfi30 

*  Tame  grass,  3S,ao3  tons;  wild  grass,  s8,538  tons. 

PIPESTONE  COUNTY 

Pipestone  County  is  situated  on  the  west  border  of  southwestern 
Minnesota  with  Pipestone  as  the  county  seat.  The  drainage  is  nearly 
all  southwestward  to  the  Big  Sioux  River,  but  the  northeast  comer  drains 
northeastward  to  the  Minnesota  River.  The  crest  of  the  Coteau  des 
Prairies  forms  the  divide  and  is  followed  by  the  highest  moraine  of  the 
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young  gray  Keewatin  drift  across  the  northeast  part  of  the  county.  The 
southwestern  part  of  the  county  to  the  west  and  south  of  Pipestone  City 
lies  outside  the  limits  of  the  Wisconsin  drift. 

The  young  gray  or  Wisconsin  drift  border  is  not  marked  by  a  con- 
tinuous moraine  in  southwestern  Minnesota,  but  has  here  and  there  a 
knoUy  or  slightly  ridged  surface.  The  drift  for  several  miles  back  from 
the  border  veneers  the  slopes  of  the  eroded  surface  of  the  old  gray  or 
pre-Wisconsin  drift.  The  present  drainage  lines  follow  in  a  general  way 
the  courses  opened  by  the  intergladal  streams.  This  area  as  far  back 
as  the  prominent  moraine  on  the  Coteau  des  Prairies  is  free  from  lakes, 
and  nearly  all  the  surface  is  well  drained.  But  from  the  crest  of  the 
Gateau  northeastward  the  later  drift  completely  filled  the  intergladal 
valleys,  except  perhaps  great  depressions  such  as  that  occupied  by  Lake 
Benton,  and  its  deposits  are  so  irr^;ular  and  uneven  that  undrained  basins 
and  lakes  are  common  features. 

Outside  the  limits  of  the  Wisconsin  drift  is  a  greatly  eroded  till  area 
with  broad  vallqr  bottoms  and  gentle  valley  slopes.  This  has  a  scanty 
coating  of  wind-drifted  silt-loam,  but  usually  the  tiU  is  within  a  few 
inches  of  the  surface. 

There  is  a  thin  silt  deposit  covering  the  Wisconsin  or  younger  drift 
m  places  to  a  depth  of  i  to  3  feet  which  seems  to  have  been  faroiigfat  in 
from  loess-covered  areas  on  the  southwest.  This  is  somewhat  more 
compact  than  the  silt  cover  on  the  older  drift,  thus  making  a  day  loam 
rather  than  a  silt  loam  soil. 

There  are  small  areas  of  bare  quartzite  in  the  vicinity  of  Pipestone 
and  southward  into  Rock  County.  The  quartzite,  however,  is  generally 
covered  with  a  few  feet  of  drift,  sufficient  for.  productive  farming.  The 
bare  areas  are  only  a  few  acres  each,  and  the  entire  exposure  probaUy 
does  not  exceed  2  square  miles.  There  is  about  100  square  miles  in 
which  the  quartzite  is  known  to  underlie  the  drift,  usually  within  a  depth 
of  a  few  feet.  This  is  mainly  within  the  older  drift  area,  but  the  north 
part  lies  within  the  limits  of  the  younger  drift. 

PtrcentagM  of  Ckuses  of  Land  in  Pipestone  County 

Sooare  mUei  Per  cent 

Moraine  with  itoiiy  loam  ton S3  4.90 

Glacial  draiaace,  gravellj  loam 36  7.68 

Tin  plain  of  Wiaoonain  drift,  clay  loam 308  65.67 

Pre-Wisconaitt  till  with  silt  loam  aoil 100  tt.^ 

Bare  rock  areaa  a  0.43 

4^  100.00 

Fmrn  and  Crop  Data  for  Pipostone  County  from  Census  of  1910 

Rural  pofKdation  5,116  or  11  per  iqiiare  mile 

Per  cent  of  land  area  in  fanna gg.) 

Per  cent  of  farm  land  improred 93.5 
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Farm  and  Crop  Data  for  Pipestono  County  (CotUmued) 

Avenge  acres  per  fmrm SS4*0 

Average  improved  acres  per  farm <37-4 

Value  of  all  farm  property %i7»o»»,73S 

Per  cent  of  increaae  1900  to  zpzo I3S<8 

Value  of  all  crops  in  1909 %^»7^A97 

Cercala  (oats,  barlej,  com,  wheat,  rye) $i>397»xs3 

Other  grains  and  seeds $65»9i4 

Hay  and  forage*   $a38,i90 

Vegetables $58,787 

Fruits  and  nuts $Sf0'4 

All  other  crops $459 

*  Tame  grass,  39f4io  tons;  wild  grass,  10,583  tons. 

ICUKSAY  COUNTY 

Mtirray  County,  of  which  Slayton  is  the  county  seat,  is  located  in  the 
southwest  part  of  the  state,  and  has  a  land  area  of  704  square  miles,  with 
about  16  square  miles  additional  in  small  lakes.  The  drainage  of  this 
county  is  in  three  different  systems,  the  northeast  part  being  drained 
northeastward  to  the  Minnesota,  the  central  and  southeast  parts  south- 
eastward by  the  Des  Moines  River,  and  the  southwest  part  southwest- 
ward  to  the  Big  Sioux  River. 

The  crest  of  the  Coteau  des  Prairies  runs  through  the  western  part 
of  the  county,  and  is  followed  by  a  strong  moraine.  Parts  of  the  moraine 
rise  above  1,900  feet,  and  much  of  it  above  1,800  feet,  but  there  is  a  gap 
in  it  at  Chandler  which  is  only  1,650  feet.  A  few  square  miles  on  the 
east  side  of  this  moraine  drain  westward  through  this  gap  toward  the 
Big  Sioux  River.  The  drainage  of  the  eastern  slope  is  chiefly  to  the 
Des  Moines  River.  In  the  southwest  part  of  the  county  the  moraine  just 
referred  to  becomes  double  and  continues  so  southeastward  into  Iowa. 
The  inner  member  makes  a  sharp  loop  northeastward  to  Hadley  before 
taking  this  southeastward  course.  In  this  loop  it  has  much  gravelly 
drift,  but  elsewhere  is  composed  chiefly  of  clayey  though  rather  stony 
till.  The  outer  member  and  the  united  moraine  is  largely  of  stony  char- 
acter with  a  few  gravel  knolls  and  a  stony  loam  soil.  There  is  a  narrow 
strip  of  outwash  gravel  on  part  of  the  outer  border.  There  was  also  a 
strong  glacial  drainage  down  Chanarambie  Creek  from  Chandler. 

Outside  the  moraine  just  outlined  a  thin  veneer  of  young  Wisconsin 
drift  is  spread  over  the  eroded  surface  of  the  old  gray  drift.  It  only 
partly  fills  the  interglacial  valleys  cut  in  that  drift.  The  soil  in  this  area 
is  a  wind  drifted  silt  loam,  coating  the  till  to  a  depth  of  only  a  few  inches. 
The  subsoil  is  a  pebbly  clay  loam  with  fewer  stones  than  on  the  moraine. 

East  of  the  moraine  that  forms  the  crest  of  the  Coteau  is  a  broad 
till  plain  coverii^  more  than  half  of  the  county,  and  having  a  rich  black 
clay  loam  soil.  Northeast  of  this  plain  is  a  strong  morainic  system  coming 
in  from  the  northwest  and  sweeping  around  the  south  and  east  side  of 
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Lake  Shetek.  It  then  fottows  the  east  side  of  Des  Moines  River  south- 
eastward into  Cottonwood  County.  It  is  separable  into  several  ridg^es 
in  the  east  part  of  the  county.  Tlie  general  elevation  of  this  moraine  is 
about  300  feet  lower  than  the  crest  of  the  Coteau,  being  between  1,500 
and  1,600  feet  above  sea  leveL  The  moraine  contains  much  stony  drift 
all  along  its  course  in  this  county  with  occasional  gravelly  knolls.  There 
was  a  weak  outwash  from  the  moraine  into  the  Des  Moines  valley. 

Another  till  plain  several  miles  in  width  crosses  the  northeast  part 
of  the  county.  This  has  a  rich  black  clay  loam  soil.  Northeast  of  it, 
in  the  extreme  northeast  comer  of  the  county,  is  another  morainic  sys- 
tem composed  of  several  narrow  ridges  separated  by  swales  or  narrow 
plains.  This  moraine  is  less  stony  than  the  others  and  has  a  pebbly  day 
loam  soil,  while  the  soil  in  the  swales  is  a  black  day  loam. 

PtretutsgM  of  Ctmuti  of  Lmmd  i»  Uwray  ContUy 

Sqntre  milct    Per  cent 

LooM-tcxttired  mormitte,  grtTeUy  to  nady  loui its  i7-75 

Clayey  moraiae  whli  pebUy  day  loun  toil 60  8.5a 

Till  plala  whli  ftony  loam  ton 30  4-<6 

Till  plala  with  Uack  day  loam  toil 410  sS>S4 

Till  plain  with  tilt  loam  toil,  wetC  alope  of  Cotean 44  ^S 

Sandy  and  graTtlly  ontwath  and  glacial  draiaafe to  a.84 

Manhet  and  boga iS  s.x3 

7«4  99*99 

FofM  omd  Crop  2>cfa  for  Murray  County  from  Census  of  1910 

Rural  popolatioo  8,741  or  ia.4  per  aqnare  mile 

Per  cent  of  land  area  in  farma 89.0 

Per  cent  of  farm  land  improved 88.7 

Average  acret  per  farm a44.5 

Average  improved  acret  per  farm ti6.9 

Value  of  an  farm  property 8a3i4SSi837 

Per  cent  of  increaae  1900  to  1910 88.9 

Value  of  an  crept  in  1909 8a,a97,548 

Cerealt  (oata,  com,  barley,  wheat,  rye) $1,760,449 

Other  gralna  and  teedt $i47>930 

Hay  and  forage* $309iS5S 

Vegetablea $69,949 

Pruitt  and  nuta $6,79* 

All  other  crept $21876 

*  Tame  grata,  44,654  tone;  wild  grata,  33*3 18  tout. 

COTTONWOOD  COUNTY 

Cottonwood  County  is  located  in  southwestern  Minnesota  with  Win- 
dom  as  the  county  seat.  About  200  square  miles  in  the  southwest  part 
of  the  county  is  drained  southward  by  Des  Moines  River.  The  remainder 
of  the  county  is  drained  northeastward  to  the  Minnesota  River. 

A  quartzite  ridge  standing  between  1,200  and  1,400  feet  above  sea 
level  crosses  its  northeast  part,  and  has  numerous  small  e9q>08ures  of 
bare  rock.    Elsewhere  the  county  is  heavily  covered  with  glacial  deposits. 
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There  are  several  moraines  crossing  the  county  from  northwest  to 
southeast.  Narrow  strips  of  gravelly  and  sandy  outwash  follow  the  outer 
border  of  moraines  in  the  southwest  part  of  the  cotmty,  while  the  line 
of  glacial  drainage  follows  down  the  Des  Moines  valley  across  Jackson 
Cotmty  into  Iowa.  The  moraines  include  occasional  clusters  of  sharp 
gravelly  knolls,  but  they  are  mainly  of  clayey  till  with  a  rich  pebbly  clay 
loam  soil.  In  the  north  part  of  the  county,  in  T.  108,  R.  37W.,  there  is 
a  conspicuous  belt  of  gravelly  knolls  running  from  Section  9  to  Section 
13,  a  distance  of  about  4  miles.  The  trend  of  this  gravelly  belt  is  parallel 
with  the  neighboring  moraines  both  north  and  south  of  it,  but  it  does 
not  connect  with  a  definite  moraine,  there  being  a  till  plain  all  around  it. 

The  till  plains,  which  occupy  more  than  half  the  surface  of  the 
county,  have  a  rich  soil  of  dark  color  with  a  pebbly  clay  loam  subsoil.  . 

Perctniagts  of  Classes  of  Land  tn  Cottonwood  County 

Square  miles    Per  cent 

GnrtUj  ImoUs  and  coarse  drift,  stony  loam 20  3.1a 

Clayey  moraine  with  peM)ly  clay  loam  soil 145  22,6$ 

Sandy  and  gravelly  outwash  and  glacial  drainage 25  3.91 

Till  plain  chiefly  pebbly  clay  loam 544  69.37 

Bogs  and  marshes  6  0.94 

640  99.99 

Farm  and  Crop  Data  for  Cottonwood  County  from  Census  of  igro 

Rural  population  8,880  or  14  per  square  mile 

Per  cent  of  land  area  in  farms 90.7 

Per  cent  of  farm  land  improved * 9^.2 

Average  acres  per  farm a35>i 

Average  improved  acres  per  farm ai4«3 

Value  of  all  farm  property $11,613,731 

Per  cent  of  increase  1900  to  1910 90.8 

Value  of  all  crops  in  1909 $2,423,676 

Cereals   (oats,  com,  barley,  wheat,  rye) $1,960,152 

Other  grains  and  seeds $137,3x7 

Hay  and  forage*   $249,671 

Vegetables $S4.993 

Fruita  and  nuts $X4,93i 

All  other  crops $7,612 

•Tame  grass,  31,625  tons;  wild  grass,  43,956  tons. 

WATONWAN  COUNTY 

Watonwan  Cotmty  is  situated  in  the  southern  part  of  the  state,  with 
St.  James  as  the  county  seat.  The  county  is  drained  to  the  Minnesota 
River,  almost  entirely  by  Watonwan  River  and  its  tributaries.  The 
altitude  is  nearly  all  between  1,000  and  1,200  feet,  but  the  southwest 
comer  reaches  about  1,300  feet,  and  part  of  Watonwan  valley  is  below 
1,000  feet 

Several  weak  moraines  cross  the  county  from  northwest  to  southeast. 
They  are  rather  diffuse  knoUy  strips  with  flat  areas  among  the  knolls. 
They  are  composed  largely  of  clayey  till  but  there  are  occasional  gravelly 
knolls. 
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The  greater  part  of  the  county  is  a  till  plain  with  a  ridi  black  day 
loam  soil  There  is,  however,  an  area  of  about  30  square  miles  immedi- 
ately northeast  of  St  James  in  which  the  soil  is  sandy. 

Border  drainage  channels,  lying  just  outside  a  moraine  in  the  north- 
west part  of  the  county  have  sandy  and  somewhat  marshy  surface.  They 
are  not  so  well  developed  in  the  south  part  of  the  county.  There  may 
have  been  a  ponding  of  water  there  along  the  border  of  the  ice.  Such 
ponding  is  suggested  by  the  presence  of  a  general  coating  of  silt  a  few 
inches  in  depth  over  Uie  pebbly  till  immediately  outside  the  moraines. 
The  marsh  lands  of  the  county  are  chiefly  along  the  lines  of  border 
drainage. 

PMVMlflVM  cf  Classy  cf  Lamd  i»  Woionmom  County 

Sqntre  mUet    Per  eent 

GnTclly  knoUi  and  itoiiy  ptfti  of  morainet,  itoiiy  loam lo  <.30 

Clayey  moraine  with  pd>bly  day  loam  aoO 90  ao.74 

Sandy  outwaah  and  glacial  dnUnage,  aaady  loam so  4.61 

TQl   plalna   with    thin    aandy   coating 30  6.91 

TQl  plaina  with  day  loam  aoH ayo  6a.*i 

Swamps  and  bogs 14  3-^ 

494  99*99 

Farm  mid  Crop  Datm  for  fVaiowwtm  County  from  Cousus  of  i9n 

Rural  population  7,13s  or  16.4  per  lonare  mile 

Per  cent  of  land  area  in  farma 90*6 

Per  cent  of  farm  land  improved 89*7 

Average  acres  per  farm 198.3 

Average  improved  acrea  per  num ••■••••••.•••.•«•..••••••••••••••.••••  178.0 

Value  of  an  farm  pmpaHy $i5^oo*sao 

Per  cent  of  Increase  1900  to  1910 704 

Value  of  all  crops  in  1909 $>i90x,S7^ 

Cereals  (oats,  com»  wheat,  barley,  rye) $i,5aSfl96o 

Other  graina  and  seeds f3a,i44 

Hay  and  forage*  $a7S,9it 

VcgetaUea $41^909 

Fruits  and  nuts $x3t<97 

All  other  crops $i«>375 

*  Tame  grass,  30»397  tons;  wild  grass,  38,334  tons. 

BLUB  BAKTH  COUMTY 

Blue  Earth  County  is  located  in  the  southern  part  of  the  state  south 
of  the  big  bend  of  Minnesota  River,  and  Mankato  is  the  county  seat 
The  drainage  is  all  northward  into  the  Minnesota,  and  the  lower  courses 
of  several  streams  which  convei^e  toward  the  Minnesota  at  Mankato 
have  deep  valleys  which  have  been  utilized  by  certain  railway  lines  in 
rising  from  the  Minnesota  valley  to  the  upland  plain.  The  greater  part 
of  the  county  is  a  plain  standing  between  i,ooo  and  i,ioo  feet  above  sea 
level.  The  immediate  bluffs  of  the  Minnesota  are  975  to  1,000  feet,  but 
the  river  is  only  756  feet  at  Mankato. 
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In  the  northwest  part  of  the  coonty  along  and  north  of  the  Watonwan 
River  there  is  a  morainic  bek  with  two  more  or  less  distinct  ridges  or 
members.  Its  soil  is  classed  as  Marshall  loam  and  Marshall  fine  sandy 
loam  in  the  report  on  that  comity  by  the  U.  S.  Bureau  of  Soils.*  Asso- 
ciated with  this  moraine  are  sandy  deposits  that  have  been  distributed  in 
part  by  the  wind  from  the  glacial  outwash.  The  outwash  seems  to  have 
been  sand.  There  was  probably  more  or  less  ponding  of  the  waters  in 
the  vicinity  of  the  great  bend  of  the  Minnesota  at  the  time  the  moraine 
was  forming,  as  the  Minnesota  valley  below  there  had  not  yet  been 
deq>ly  excavated. 

Tlie  greater  part  of  the  county  is  a  plain  with  a  day  loam  to  silt  loam 
soil,  classed  by  the  Bureau  of  Soils  as  Marshall  day  loam  and  Marshall 
sih  loam.  The  day  loam  is  in  parts  of  the  county  where  the  till  is  prac- 
tically at  the  surface.  The  silt  loam  is  where  it  has  a  thin  coating  of 
nearfy  pebbldess  silt  Veiy  flat  parts  of  the  till  plain,  whether  covered 
with  silt  or  not,  usually  have  a  blade  soil,  and  this  is  classed  as  Fargo 
day  or  Fargo  day  loam.  The  silt  whidi  covers  the  till  is  sddom  more 
than  2  or  3  feet  in  thickness,  and  seems  to  have  been  laid  down,  as  already 
noted,  in  the  ponded  waters  whidi  occupied  the  plain  for  a  brief  time 
during  the  opening  of  the  Minnesota  valley.  These  waters  appear  to 
have  found  outlet  for  a  short  time  northeastward  past  Elysian  to  Cannon 
River.  The  duration  of  the  ponded  condition  was  so  brief,  however, 
that  no  definite  shore  lines  appear  to  have  been  devdoped. 

There  are  sharp  gravd  knolls  in  the  south  part  of  the  county  in  two 
small  groups.  One  group  is  2  to  3  miles  northeast  of  Ambqy,  and  another 
about  5  miles  west  of  that  village.  These  knolls  rise  50  to  75  feet  above 
the  levd  of  the  bordering  plain  and  exceed  1,100  feet  above  sea  level 
In  the  extreme  northeast  comer  of  the  county  are  also  gravelly  hills 
which  rise  above  1,100  feet. 

Ana  0/  Dii^rmU  SoOs  tm  Bins  Earth  Coumiy  (from  Report  of  Burtam  of  SoOs,  1906) 

Acres         Pereent 

Manhan  day  kMm  (pebbly  dajey  tOl  plain) 185,13'  SS.7 

Mardun  rih  loem  (tm  widi  thin  dH  cover) taS,704  ^9 

FaffD  day  (flat  dk  eovercd  till) a7>968  s-S 

Farfo  day  locm  (flat  dlt  covered  till) a3t93(  S*o 

Upland  meadowa  ip**^  4^ 

Mardun  flue  nad  (partly  dime  nad) iSt^r'  3*3 

Wabadi  flae  Huidy  loem  (allinrid) i4»S<S  3.0 

IfanhaU  fine  nndy  loem  (indiidet  miidi  of  moraine) i3t8<4  ^'9 

Wabadi  dh  loam  (allinrld) X3»3is  '^S 

Hardiall  loem  (cblefly  mordne) 8,768  1.8 

Farfo  fine  Hutdy  loem  (partly  low  areao  in  moraines) 7>68o  i.5 

Peat  7.680  t.« 

Jfaskato  sand  (gladal  draiasfe) 4»03<  0*9 

■  Soa  Snnrey  of  Blaa  Earth  Comity.    PUId  OptroHons  of  tka  Burtm  of  SoOs  1906. 
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Ana  of  Dii€f€ni  SoiU  i»  BIm#  Bmrth  Couniy  (ConHmud) 

Jisdaon  loui  (aUuvUl  co&et,  ttc) 3t^8  oJ 

Mankito  Miidy  loam  (on  rock  ledges) J»8i6  0.6 

Minkato  loam  (on  rock  ledget) x.teo  0.3 

479,104  100.0 

FofM  amd  Crop  Data  for  Bluo  Earth  County  from  Catuus  of  tgio 

Rural  population  15(076  or  jo  per  iquare  mile 

Per  cent  of  land  area  in  farma. « 9<.o 

Per  cent  of  farm  land  improrad 80.0 

Average  acrea  per  farm 151.6 

Average  improved  acrei  per  farm xjj.o 

Value  of  all  farm  property fs^t^iptSi) 

Per  cent  of  increaae  1900  to  1910 48.4 

Value  of  all  cropa  In  1909 $3»974«04< 

Cereala  (whentt  com,  oata,  barley,  rye) $3,aa5,658 

Other  graina  and  aeeda $aa.694 

Hay  and  forage* $44t,3SS 

Vegetablea $x39i904 

Fmha  and  nuts $49ff003 

All  other  cropa l9$«458 

*  Tame  graaa,  58,960  tons;  wild  grata,  55409  tona. 

WASECA  COUNTY 

Waseca  County  is  located  in  the  southern  part  of  the  state,  with 
Waseca  as  the  county  seat.  Nearly  all  the  county  is  drained  westward 
by  Le  Sueur  River  to  the  Minnesota;  but  a  few  square  miles  on  the 
north  edge  are  tributary  to  Cannon  River  which  drains  eastward  to  the 
Mississippi. 

A  strong  moraine  runs  from  north  to  south  through  the  eastern  part 
of  the  county,  but  the  remainder  is  a  till  plain.  The  moraine  contains 
occasional  gravel  knolls  but  is  mainly  a  clayey  tilL  The  till  plain  has  a 
black  clay  loam  soil  with  pebbly  day  loam  subsoil.  The  lower  part  of 
this  plain  has  a  coating  of  silt  that  seems  referable  to  ponded  glacial 
waters.  These  appear  to  have  fotmd  outlet  northeastward  past  Elysian 
to  Cannon  River.  There  is  a  well  defined  channel  connecting  Lake  Ely- 
sian with  the  Cannon  River  drainage  in  southern  Le  Sueur  County.  The 
present  outlet  of  Lake  Elysian  is  in  the  opposite  direction  and  leads  to 
Le  Sueur  River  and  the  Minnesota. 

Porceniaget  of  Clattet  of  Land  tn  WoMoea  County 

Square  milea  Per  cent 

Moraine  chiefly  clayey  till,  pebbly  day  loam lai  36.56 

Till  plain,  black-  clay  loam  slightly  pebbly aoo  60.4a 

Marahea  and  bogs *. 10  3.0a 

331  100.00 

Farm  and  Crop  Data  for  Wateea  County  from  Comus  of  1910 

Rural  population  8,554  or  ao  per  aquare  mile 

Per  cent  of  land  area  In  farma 93.9 

Per  cent  of  farm  land  improved 80.6 

Average  acrea  per  farm 263.6 
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FofM  and  Crop  Data  for  Wasoca  Couniy  (Contmuad) 

Arengc  improTed  acres  per  fmrm 131.8 

Valve  of  all  farm  property %t7,aS9,€o7 

Per  cent  of  increaae  ipoo  to  1910 38.3 

Value  of  an  cropa  la  1909 $a,tsS>78i 

Cereals  (wheat,  com,  oats,  barley,  rye) $i»734t6o9 

Other  snias  and  seeds $a337i 

Hay  and  forage*  M9o,89i 

Vegetables $56,6*7 

Fmits  and  nvts $I5>SS4 

AU  other  crops $37*559 

*  Tame  grass,  36,340  tons;  wild  grass,  53»6i7  tons. 

STEELE  COUNTY 

Steele  County  is  located  in  southern  Minnesota  with  Owatonna  as 
the  county  seat  The  drainage  is  nearly  all  northward  through  Straight 
River  to  Cannon  River  and  thence  to  the  Mississippi.  A  few  square 
miles  on  the  western  edge  drain  westward  to  the  Minnesota  River.  A 
few  square  miles  on  the  eastern  edge  drain  eastward  I7  branches  of  the 
Zumbro  to  the  Mississippi.  The  extreme  southeast  part  drains  to  the 
Cedar  River  and  thence  southward  through  Iowa  to  the  Mississippi. 

The  county  is  traversed  by  moraines  trending  north  to  south  which 
were  formed  on  the  eastern  side  of  the  Keewatin  ice  field.  There  are 
small  outwash  gravel  plains  along  the  eastern  or  outer  border  of  each 
moraine.  There  are  also  narrow  strips  of  till  plain  between  the  moraines. 
Marshes  of  considerable  extent  occur  on  outwash  plains  in  the  southern 
part  of  the  county,  and  on  till  plains  in  the  northern  part.  Their  original 
extent  has,  however,  been  somewhat  reduced  by  ditching. 

The  moraines  are  composed  largely  of  clayey  till,  but  a  prominent 
moraine  in  the  southeast  part  of  the  county  contains  considerable  gravel. 
The  outwash  and  glacial  drainage  deposits  are  generally  a  rather  light 
sandy  gravel.  The  till  plains  have  a  rich  black  clay  loam  soil  with  pebbly 
day  loam  subsoil. 

PereonUtges  of  Ciasset  of  Land  in  Steelo  County 

Square  miles    Per  cent 

Grarelly  and  stony  moraine,  stony  loam is  s.78 

Clayey  moraine,  pebbly  day  loam 144  33-41 

Outwash  and  glacial  drainage,  sandy  loam 36  8.35 

Till  pliun,  black  clay  loam S19  50.81 

ICarshes  so  4*64 

431  99-99 

Farm  and  Crop  Data  for  Stoolo  County  from  Contus  of  1910 

Rural  popolatioii  9,373  or  si.y  per  square  mile 

Per  cent  of  land  area  in  farms 95*s 

Per  cent  of  farm  land  improred 85.8 

ATcrage  acres  per  farm i4S*9 

Average  improTed  acres  per  farm 1S3.6 

Value  of  all  farm  property $x9t03^>988 

Per  cent  of  increase  1900  to  xpxo 46.8 
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Fmrm  and  Cnp  DaU  f&r  SUOa  C&umty  (Camtmmad) 

Value  of  an  cropt  in  1909 MtSAyo? 

Ceraab  (wiMat,  con,  oats,  barley*  rye) %ijSii,3m 

Ochar  cralu  and  aeeda %a€^io 

Hay  and  forafe*  $404,707 

Vegetables $74»575 

Fmita  and  nnts $iM9$ 

AH  other  crops $4ia,836 

*Taaie  trass,  37,s86  tons;  wild  trass,  48,647  tons. 

DODGE  COUNTY 

Dodge  County  is  situated  in  the  southeast  part  of  the  state  with  Man- 
torville  as  the  county  seat.  The  drainage  of  nearly  all  of  the  county  is 
eastward  by  branches  of  Root  and  Zumbro  rivers  to  the  Mississippi,  but 
the  southwest  part  is  drained  southward  by  Cedar  River  through  Iowa. 

The  eastern  edge  of  the  young  Wisconsin  drift  lies  near  the  west 
border  of  the  county.  It  is  marked  by  a  chain  of  low  knolls  and  very 
thin  deposits  of  young  till  The  knolls  are  in  some  cases  gravelly,  bat 
clayey  till  prevails. 

Tlie  pre-Wisconsin  or  old  gray  drift  was  originally  a  till  plain,  and 
in  the  western  part  of  the  county  the  plain  is  still  well  preserved,  but  in 
the  eastern  part  it  has  become  greatly  eroded,  and  the  surface  now  is 
occupied  by  broad,  shallow  valleys  with  gende  slopes.  There  are  a  few 
gravelly  knolls,  but  chiefly  in  the  southeast  part.  Gravel  is  also  found 
along  the  Cedar  valley  in  the  southwest  part,  but  there  the  surface  is 
nearly  plane. 

Small  areas  in  the  northeast  part  of  the  county  are  covered  with 
loess  to  a  depth  of  several  feet  The  loess  is  in  spur-like  extensions  west- 
ward from  die  main  loess  area  in  Olmsted  County. 

In  the  beds  of  the  shallow  valleys,  bowlders  are  in  places  very  numer- 
ous, as  if  concentrated  by  erosion.  They  are  rare  on  divides,  or  on  the 
remnants  of  the  original  plain. 

The  soil  on  the  flat  divides  and  level  parts  of  the  upland  plain  is  gen- 
erally a  heavy  black  clay  loam,  while  on  the  slopes  it  is  looser  textured 
with  a  larger  admixture  of  pebbly  material 

p9rcmUg€s  of  CUssm  of  Land  tn  Dodga  Cauu9y 

Square  miles    Per  cent 

Pre-Wisconsin  till,  chiefly  pebbly  day  loam 350  79-54 

Pre-Wisconsin  travel,  tr&velly  loam 8  i.8s 

Loess   33  7-SO 

Wisconsin  till,  chiefly  clay  loam 3<  7<^ 

Wisconsin  tladal  drainate,  tra^elly  loam xa  a.7$ 

Marshes  5  x*U 

■iB^^  •        ^^^^^ 

440  M-99 
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Farm  and  Crop  Data  for  Dodgo  Coumiy  from  Contns  of  1910 

Rnnl  popvlatiim  8,330  or  19  per  tqnare  mOe 

Per  cent  of  land  area  in  fanna 9S'0 

Per  cent  of  farm  land  improTed 86.S 

Average  acrea  per  farm iCs.o 

Average  improred  acrea  per  farm • 14J.8 

Taloe  of  all  farm  piopeiiy $17^x6,051 

Per  cent  of  increaae  1900  to  19x0 80.$ 

Value  of  all  cropa  in  1909 $x,830,aio 

Cereala  (barlejr*  oats,  com,  wheat,  rye) $x>i7S>703 

Other  grains  and  aeeda $x73i979 

Hay  ond  forage*   $363*43* 

Vegetables $56,a98 

Fruits  and  nnts $i5>799 

All  other  crops $44i999 

*Tame  grass,  6a,836  tons;  wild  grass,  8,079  tons. 

OLMSTED  COUNTY 

Olmsted  County,  of  which  Rochester  is  the  county  seat,  is  located  in 
the  southeast  part  of  the  state.  The  drainage  of  the  eastern  part  of  the 
county  is  eastward  by  Whitewater  River;  of  the  central  and  northwest 
parts  northeastward  by  the  Zumbro  River ;  and  of  the  southern  part  east- 
ward fay  Root  River  to  the  Mississippi.  The  divides  separatii^^  these 
three  river  systems  rise  in  places  slightly  above  1,300  feet,  and  the  greater 
part  of  the  county  is  between  1,200  and  1,300  feet.  The  valleys  are  cut 
to  a  much  lower  level,  and  the  Zumbro  River  falls  below  900  feet  at  the 
north  edge  of  the  county.  The  principal  streams  are  bordered  by  prom- 
inent rode  bluffs,  but  the  uplands  are  gently  undulating.  The  cover  of 
drift  is  generally  thin.  There  are  many  sink  holes  in  the  limestone  in 
the  southern  part  of  the  cotmty. 

The  drift  is  all  of  pre-Wisconsin  age  and  has  suffered  considerable 
leaching  and  weathering.  It  is  generally  a  stiff  clayey  till  which  becomes 
calcareous  below  the  leached  part  at  a  depth  of  4  to  6  feet. 

Large  gravel  knolls  occur  in  the  line  of  an  old  valley  in  southern  Oro- 
noko  Township,  and  there  are  smaller  ones  here  and  there  in  the  central 
and  western  part  of  the  county,  and  very  rarely  in  the  eastern  part. 
Most  of  the  drift  in  the  valleys  and  lowlands  is  loose-textured,  both  in 
the  low  bottoms  and  on  terraces. 

Loess  deposits  form  a  coating  widely  over  the  till  in  the  northeast 
quarter  of  the  county  and  in  several  of  the  southern  townships,  but  in 
^e  remainder  of  the  county  it  is  in  isolated  strips.  A  belt  of  land 
several  miles  wide  running  eastward  from  Rochester  into  Winona  County 
is  free  from  loess, — ^the  land  both  to  the  north  and  south  of  it  being 
widely  loess  covered. 
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Ptretntages  of  ClassM  of  Lutd  m  Olmstod  CowtUy 

Sqntre  milct    Per  cent 

Old  till,  pebbly  ekj  loam sso  37-54 

Old  graTel  Imolla,  itony  loam so  3-m 

Locaa   3ao  4^05 

Valley  terraces  and  bottoma,  gravelly  or  aandy  loam te  9.01 

Rough  stony  land  in  bluffs. t6  a.40 

666  100.00 

Pmm  and  Crop  Dota  for  Olmsted  Coumiy  from  Census  of  1910 

Rural  population  i<,3Si  or  19  per  square  mile 

Per  cent  of  land  area  in  farms 9s-3 

Per  cent  of  farm  land  improred 80.3 

Average  acres  per  farm 170.4 

Average  improved  acres  per  farm 136.9 

Value  of  all  farm  property $27,137,633 

Per  cent  of  increase  1900  to  1910 44«i 

Value  of  an  crops  in  1909 $at994ti9i 

Cereals  (barley,  onts,  com,  wheat,  rye) $4>oo9,379 

Other  grains  and  seeds $i7s,437 

Hay  and  forage*  $495,623 

Vegetables $ms,SS7 

Fruits  and  nuts $29,894 

All  other  crops $81,301 

*Tame  grass,  77>59>  tons;  wild  grass,  5i478  tons. 

WABASHA  COUNTY 

Wabasha  County,  with  Wabasha  as  the  county  seat,  borders  the  Missis- 
sippi in  southeastern  Minnesota.  The  drainage  is  all  to  the  Mississippi 
and  chiefly  through  Zumbro  River.  The  highest  altitude  of  the  uplands 
is  remarkably  uniform,  the  dividing  ridges  being  between  i,ioo  and  1,200 
feet  above  sea  level  over  nearly  all  the  cotmty.  The  immediate  bluffs 
of  the  Mississippi  are  generally  over  1,100  feet,  or  fully  450  feet  above 
the  stream,  which  is  664  feet  above  sea  level  at  Lake  Pepin  and  about 
650  feet  where  it  leaves  the  county. 

Over  much  of  the  uplands  there  is  a  mere  trace  of  drift  with  scat- 
tered pebbles  and  bowlders,  but  in  places  it  reaches  40  feet  or  more. 
Leaching  ordinarily  extends  to  a  depth  of  at  least  6  feet,  below  which 
the  till  is  somewhat  calcareous. 

There  are  knolls  and  drift  ridges  on  the  uplands  in  the  northwest 
comer  of  the  county  a  few  miles  southwest  of  Lake  City.  These  arc 
partly  of  gravel  but  contain  much  till.  The  highest  ones  rise  50  to  75 
feet  above  the  bordering  plains,  but  the  usual  height  is  20  to  30  feet. 
They  may  mark  an  old  ice  border,  the  ice  being  on  the  southwest  side 
of  the  belt,  but  it  is  not  traceable  for  more  than  10  miles. 

The  uplands  of  Wabasha  County  are  covered  with  loess  and  it  ex- 
tends down  on  the  slopes  of  the  main  valleys  nearly  to  the  streams  where 
these  slopes  are  gentle,  but  in  many  cases  the  valleys  have  precipitous 
rock  bluffs. 
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The  valley  bottoms,  even  of  the  small  tributaries  of  the  Mississippi, 
are  broad  and  have  a  rich  soil.  The  small  tributaries  carry  a  slack  water 
filling  of  silt  formed  during  the  filling  up  or  aj^^dation  of  the  Missis- 
sippi by  glacial  drainage  deposits,  which  reached  a  height  of  more  than 
100  feet  above  the  present  Mississippi,  or  to  775  to  800  feet  above  sea 
level.  The  filling  along  the  Mississippi  is  a  sandy  gravel  with  only  a 
slight  cover  of  silt  or  loam.  There  is  a  similar  filling  along  the  Zumbro 
and  its  several  branches.  It  is  now  preserved  in  narrow  terraces  along 
the  valley  borders  of  the  Mississippi. 

The  early  settlements  were  on  the  gravel  terraces  along  the  rivers,  but 
soon  were  extended  into  the  interior  as  the  forests  were  largely  oak 
openings  easily  cleared,  and  the  southwest  part  of  the  county  was  prairie. 
Tlie  river  transportation,  which  was  the  sole  line  in  pioneer  days,  and 
later  supplanted  to  some  extent  by  railway  lines,  is  still  of  considerable 
importance. 

percentages  of  Classes  of  Land  in  Wabasha  County 

Square  miles    Per  cent 

Ridges  sad  knolls  of  fnre-Wisconsin  drift,  stonjr  loam 10  1.85 

Loess  coTered  nplsads  and  slopes 380  70.S4 

Soogli  Stony  land  in  rock  bluffs 46  8.50 

Bottom  land  and  terraces  of  small  tributaries,  silt  loam  soil 15  a.77 

GrmTd  and  sand  deposits  of  Mississippi  and   Zumbro  valleys,  sandy  to 

gravelly  loam    65  ia.oi 

Wet  alluvial  lands  chiefly  along  Mississippi 25  4.6s 

54Z  99.99 

Farm  and  Crop  Data  for  Wabasha  County  from  Census  of  1910 

Rural  population  9,448  or  17.5  per  square  mile 

Per  cent  of  land  area  in  farms 91.7 

Per  cent  of  farm  land  improved 71.6 

Average  acres  per  farm. 179.6 

Average  improved  acres  per  farm 128.5 

Value  of  all  farm  property $19,702,340 

Per  cent  of  increase  1900  to  1910 63.1 

Value  of  all  crops  in  1909 $2,736,692 

Cereals  (barley,  oats,  com,  wheat,  rye) $1,991,640 

Other  grains  and  seeds $96,940 

Hay  and  forage*   $343*904 

Vegetables $138,553 

Fruits  and  nuts $30,019 

All  other  crops $135*636 

*Tame  grass,  53*890  tons;  wild  grass,  5,052  tons. 

WINONA  COUNTY 

Winona  County,  of  which  Winona  is  the  county  seat,  borders  the 
Mississippi  River  in  southeastern  Minnesota,  The  entire  county  is 
drained  northeastward  or  eastward  into  the  Mississippi,  much  of  it  by 
short  tributaries  heading  within  the  county.    The  uplands  stand  1,200  to 
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1,300  feet  above  sea  level,  the  immediate  hhxSs  of  the  Mississippi  being 
generally  above  1,200  feet 

There  is  very  little  glacial  material  in  the  county,  yet  the  presence  of 
foreign  pebbles  and  occasional  bowlders  on  the  uplands  indicates  that 
gladation  once  extended  over  nearly  all  the  county,  there  being  only  a 
few  square  miles  in  the  southeast  part  in  which  dxiit  pebbles  have  not 
been  noted. 

The  uplands  are  covered  by  loess,  excq>t  a  narrow  strip  that  extends 
from  St  Charles  eastward  past  Utica  and  thence  southeast  to  Fremont 
The  part  between  Utica  and  Fremont  has  a  Ugfat  sandy  soil  f rcnn  die 
breaking  down  of  the  sandstone  formation  which  underlies  it  To  the 
west  of  Utica  the  soil  is  more  clayey,  being  derived  to  some  extent  from 
the  disintegration  of  limestone,  hi  the  loess-covered  portion  there  is 
generally  a  reddish  brown  residuary  day  between  the  rock  and  the  loess. 
The  glacial  pebbles  and  bowlders  are  often  imbedded  in  this  residuary 
day,  which  was  evidently  disturbed  to  some  extent  by  the  overriding  ice. 

The  valle3rs  are  often  bordered  by  predpitous  rock  bluffs,  but  even 
the  small  tributaries  have  wide  bottom  lands  with  a  fertile  soil.  The 
Mississippi  valley  had  been  filled  by  sand  and  gravel  to  a  levd  more  than 
100  feet  above  tiie  present  stream,  and  the  tributaries  were  graded  to  a 
corresponding  hdght  The  glacial  river  whidi  flowed  from  the  outlet 
of  Lake  Agassiz  removed  much  of  the  filling  from  the  Mississippi  valley, 
but  in  the  tributaries  it  is  still  present  in  large  amount 

At  the  time  of  settlement,  the  greater  part  of  the  county  had  a  some- 
what open  forest  which  was  easily  deared,  and  the  southwest  part  was 
prairie.  Farms  were  therefore  rapidly  devdoped  on  the  uplands  as  wdl 
as  in  the  Mississippi  bottoms. 

Ftrctntagfs  of  Classes  of  Land  m  Wiaona  County 

Square  miles    Per  cent 

Upland  without  loefs,  aoil  with  underlying  rock 27  4*<4 

Loeai  covered  uplands  and  slopes Soo  78.45 

Rough  stony  land  in  riyer  bluffs 40  6.sS 

GraTel  and  sand  deposits  of  the  Mississippi  valley so  3.14 

Low  alluvial  flats  of  the  Mississippi  valley 15  s.35 

Alluvial  and  coUuvial  material  in  tributary  valleys 35  5-49 

637  99-99 

Farm  and  Crop  Data  for  Winona  County  from  Census  of  1910 

Rural  population  is^oyo  or  19  per  square  mile 

Per  cent  of  land  area  in  farms 9i-8 

Per  cent  of  farm  land  improved 63.S 

Average  acres  per  farm i74-B 

Average  improved  acres  per  farm xii.o 

Value  of  all  farm  property $22,7x8.884 

Per  cent  of  increase  1900  to  19x0 58.1 

Value  of  all  crops  in  1909 $2,7x2,087 
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Pmm  tmd  Cntp  Dotm  for  Wimcnm  Caumty  (ConHmuid) 

Cereali  (barley*  oati,  eom,  wbmtt  rye) $<»90S»936 

Other  graiat  and  aecdi f0937> 

Hmy  and  forafe*  $437^1 

VegetaUea $140,144 

Frnita  and  nuta $43>o6o 

All  other  cropa $iiS»756 

*  Tama  fraaa»  TOfOM  tosa;  wild  graaa,  1,473  tona. 

HOUSTON  COUNTY 

Houston  County  is  the  southwest  corner  county  of  Minnesota,  with 
Caledonia  as  the  county  seat  The  drainage  is  eastward  into  the  Missis- 
sippi, more  than  half  of  it  being  through  Root  River.  The  southern 
edge  of  the  county  drains  to  Upper  Iowa  River.  Much  of  the  upland 
stands  between  1,100  and  1,200  feet  above  sea  level,  and  maintains  a 
hei|^t  of  1,100  feet  to  the  brow  of  the  Mississippi  bluff.  A  ridge  south- 
west of  Caledonia  rises  slightly  above  1,300  feet.  The  erosion  is  broad 
along  many  of  the  valleys,  and  bottom  lands  are  extensive.  The  break- 
ing down  of  the  upland  is  so  great  that  it  is  preserved  only  in  narrow 
strips  between  drainage  lines.  There  are  broad  rock  shelves  at  various 
levels  on  the  slopes. 

The  western  part  of  the  county  bears  evidence  of  gladation  in  the 
occurrence  of  bowlders  and  small  pebbles  of  foreign  rocks ;  but  there  is 
little  or  no  till  preserved,  and  the  topography  is  essentially  the  same  as 
in  the  driftless  area. 

Loess  covers  the  uplands  except  on  a  few  sharp  ridges  and  knobs, — 
the  high  ridge  southwest  of  Caledonia  being  nearly  free  from  it  It  is 
present  on  gentle  slopes,  and  on  the  rock  shelves  bordering  the  valleys. 
It  rests  on  a  veiy  gummy  residuary  day,  formed  from  the  decomposi- 
tion of  the  limestone,  but  is  itself  porous  and  highly  productive. 

The  Mississippi  valley  had  been  filled  to  a  height  of  about  100  feet 
above  the  present  stream  by  sand  and  gravel,  but  at  the  last  or  Wiscon- 
sin glacial  stage  this  filling  was  removed  largely  by  the  glacial  river  from 
Lake  Agassiz.  Small  tributary  valleys  silted  up  to  correspond  with  the 
filling  on  the  Mississippi.  The  alluvial  deposits  of  Root  River  have  a 
gentle  down  stream  slope  and  are  of  fine  sand. 

Ptrctnt^u  of  Clatt€s  of  Lond  in  Houston  County 

Sgnara  mllea  Per  east 

Loeaa  J50  43^ 

Bane  alepea  with  reaidiiarr  aaad  and  day '     150  a6.3J 

Soogfa  atony  land  in  btnffi 35  6.14 

VaDcT  fillini^  landy  traTelly  loam 103  iS.or 

Wat  Miariaalppl  bottooa 3J  s-6o 

S70  M.99 
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Farm  amd  Crop  Daim  for  Houston  County  from  Contus  of  sgro 

Rural  popttlatioB  iqa7*  or  18^4  per  wqpan  oiUe 

Per  cent  of  land  ares  in  farma 89-7 

Per  cent  of  farm  land  improved 53.2 

Airerage  acres  per  farm 171.1 

Average  improved  acrea  per  farm 91.0 

Value  of  all  farm  property %i6Ji36^S9 

Per  cent  of  increaae  1900  to  1910 69.J 

Value  of  all  crop*  in  1909 $if979t5i3 

Cereala   (com,  oata,  barley,  wheat,   rye) $itS9M«5 

Other  graint  and  aeeda M7i905 

Hay  and  forage*   $436,089 

Vegetables $76,067 

Fruits  and  nuts $37,a6i 

At!  other  crops • $130,666 

*Tame  grass,  63,$  14  tons;  wild  grass,  #,303  tons. 

FILLMORE  COUNTY 

Fillmore  County  is  the  second  from  the  Mississippi  on  the  southern 
border  of  the  state,  with  Preston  as  its  county  seat  The  drainage  of 
nearly  all  the  county  is  eastward  through  Root  River  to  the  Mississippi, 
but  a  few  square  miles  on  the  southern  edge  drain  southward  to  the  upper 
Iowa  River  which  enters  the  Mississippi  just  south  of  the  state  line.  The 
valleys  are  shallow  in  the  southwest  part  of  the  county  with  bluffs  of 
glacial  material ;  but  elsewhere  they  are  cut  deeply  into  hard  rock  forma- 
tions and  usually  have  steep  bluffs.  There  are  broad  rock  shelves  along 
the  valley  sides  which  greatly  widen  out  the  space  between  uplands  on 
opposite  sides  of  streams.  Only  narrow  strips  come  up  to  the  height 
of  the  upland  plain.  The  remnants  of  this  upland  plain  stand  1,300  to 
1,375  feet  above  sea  level  in  the  western  and  southern  part  of  the  county, 
and  but  little  below  1,300  feet  in  the  remainder.  The  valleys  in  the  east 
part  are  very  deep,  and  Root  River  falls  to  712  feet  at  the  east  line  of 
the  county. 

Although  the  entire  county  has  been  glaciated  it  is  only  along  the 
western  edge  of  the  county  that  thick  deposits  of  glacial  drift  occur,  there 
being  in  the  remainder  of  the  county  only  scattered  bowlders  and  pebbles 
and  an  occasional  small  and  thin  deposit  of  till  or  gravel.  The  remaining 
deposits  in  the  southwest  part  of  the  county  are  sufficient  to  fill  up  pre- 
glacial  valleys  150  to  200  feet  deep  and  make  a  thin  coating  on  the  pre- 
glacial  divides.  This  heavy  drift  contains  a  blue  calcareous  till,  but  its 
surface  is  leached  of  limestone  to  a  depth  of  several  feet,  and  the  till  is 
of  yellow  color  for  about  15  feet.  It  is  generally  compact  and  clayey  but 
has  a  rich  clay  loam  soil. 

In  places,  beds  of  quartz  pebbles,  much  older  than  the  glacial  deposits, 
cover  the  limestone  and  form  a  conspicuous  element  in  the  soil.  They 
are  abundant  in  the  vicinity  of  Grai^^er  and  of  Ostrander,  and  northward 
along  the  western  edge  of  the  county  on  preglacial  divides. 
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A.      LOESS-COVKRED    DRIFTLESS    AREA    NEAR    CALEDONIA 


B.      VALLEYS    BOKDEREIl    BY    LrMKSTOXE    TABLELANDS    XKAR    1L\MPT0N 


Digitized  by  VjOOQIC 


Digitized  by  VjOOQIC 


MOWER  COUNTY  133 

The  uplands  are  loess-covered,  except  in  the  western  end  of  the 
county,  and  have  a  rich  silt  loam  soil.  The  loess  is  usually  10  to  15  feet 
thick  and  is  present  on  rock  shelves  and  gentle  valley  slopes  as  well  as 
on  high  uplands.  Much  of  the  area  of  thick  drift  in  the  southwest  part 
of  the  country  is  free  from  loess,  and  so  is  part  of  the  thin  drift  area 
to  the  east. 

The  valleys  are  much  narrower  in  this  county  than  in  Houston,  being 
nearer  the  heads  of  the  pr^lacial  drainage  lines.  Terraces  of  sand  and 
gravel  are  present  along  them. 

This  county  has  been  about  as  fully  populated  as  at  present  for  nearly 
fifty  years,  the  population  in  1870  being  only  800  less  than  that  of  1910. 
The  rich  loess  soil  with  originally  a  light  growth  of  oak  forest  has  been 
easily  converted  into  farm  land.  The  water  power  along  Root  River 
was  also  early  made  use  of  for  flour  mills. 

P^rctntagts  of  CUss€t  of  Land  mi  P&tmoro  County 

Square  milea  Per  cent 

OM  drift,  largely  pebUy  day  loam 172  19.81 

Loeaa  covered  t^laada  and  slopes 480  55.30 

Rou|^   atony  land  in   rock  bluffs 5J  6.00 

Bare  alopes  with  rcaSduary  sand  and  clay  and  scattered  drift  pebUes 100  11.5J 

Valley  bottoms  with  Tariable  soil 64  7.37 

868  100.00 

Form  ond  Crop  Daio  for  FUlmoro  County  from  Census  of  1910 

Rural  population  i7>784  or  Jo.s  per  square  mfle 

Per  cent  of  land  area  in  farms 93>4 

Per  cent  of  farm  land  improved 75*4 

Average  acres  per  farm 161.5 

Average  improved  acres  per  farm iai.8 

Value  of  all  farm  property IS^t'SOtMS 

Per  cent  of  increase  1900  to  1910 78.1 

Value  of  an  crops  in  1909 $3i9<6,457 

Cereala   (oats,  com,  barleyt  wheat,  rye) $a,665»5oa 

Other  grains  and  seeds $304*S37 

Hay  and  forage*   $659,683 

Vegctobles $101,569 

Fruits  and  nuts $45>04i 

All  other  crops $150,535 

*Tamc  grass,  109,257  tons;  wild  grass,  3,389  tons. 

MOWER  COUNTY 

Mower  County^  of  which  Austin  is  the  county  seat,  is  located  on  the 
southern  border  of  the  state,  the  third  county  from  the  Mississippi.  The 
drainage  of  the  west  end  of  the  county  is  southward  by  Cedar  River 
into  Iowa.  The  S9Utheast  part  embraces  the  headwaters  of  upper  Iowa 
River,  whose  course  otherwise  is  in  Iowa.  The  remainder  of  the  county 
is  drained  eastward  by  Root  River  directly  to  the  Mississippi.  The 
divide  between  the  Root  River  drainage  and  that  of  the  Cedar  and 
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Upper  Iowa  rhrers  embraces  the  highest  land  in  southeastern  Minnesota, 
its  altitude  being  1,350  to  1420  feet  above  sea  level  The  altitude  de- 
clines westward  to  only  i^aoo  to  1^50  feet  along  the  border  of  Cedar 
River.  But  eastward  an  altitude  of  more  than  1^00  feet  is  maintained 
to  the  eastern  limits  of  the  county. 

The  drift  deposits  are  thidc  along  the  high  divide  just  mentioned,  the 
rock  surface  there  being  only  up  to  about  1,300  feet  above  sea  level  In 
the  southeastern  part  of  the  county  the  rode  surface  reaches  fully  1,350 
feet  It  is  about  i,aoo  feet  in  the  western  part  of  the  county.  In  tfie 
eastern  part,  sink  holes  in  limestone  abound,  but  in  most  of  die  county 
the  drift  deposits  are  so  thick  that  such  direct  undeiground  drainage  is 
blocked  and  even  prq^dal  vallqrs  are  completely  filled. 

From  Cedar  River  eastward  the  drift  is  pre-Wisconsin  and  diiefly  a 
compact  dayqr  till  with  pebbly  day  loam  soil  Its  surface  has  been 
leached  of  limestone  pebbles  to  a  depth  of  4  to  6  feet  This  drift  has  in 
places  strips  of  gravel  along  the  streams,  which  in  some  cases  appear 
to  have  been  exposed  by  the  removal  of  tte  overlying  till,  for  wdls  show 
the  gravd  to  extend  back  beneath  the  till  on  the  slopes  and  uplands.  In 
a  few  places  quartz  pebbles  derived  from  pregladal  gravd  beds  form  a 
notable  constituent  of  the  drift  This  is  especially  tte  case  in  tte  south- 
em  and  eastern  parts  of  the  county. 

The  latest  or  Wisconsin  drift  has  its  eastern  limits  along  the  western 
side  of  the  county.  In  places  a  weak  moraine  marics  the  limits,  but  along 
much  of  the  border  there  is  merdy  a  thin  deposit  of  this  young  drift. 
There  was  a  weak  outwash  into  Cedar  valley  forming  sandy  plains  in 
the  northwest  part  of  the  county.  The  Wisconsin  drift  is  chiefly  clayey 
till  with  pebbly  day  loam  soil 

Pjregniagti  of  Chsus  of  Land  l»  Uomir  ComOy 

Sonaremflet  Ptfoent 

Old  or  pre-l^naeonfiii  till,  chiefly  pebbly  clay  loam $9$  S3.68 

Old  gravel  chiefly  alonf  ^^eya,  graTelly  loam 36  5.06 

Wisconain  tin,  chiefly  pebbly  day  loam m6  3.66 

Wiaconain  grayd  oufwaah  and  glacial  drainage 4a  5.91 

Rock,  bare  or  with  very  icant  cover,  chiefly  along  valleya la  i.dp 

711  too.o« 

Farm  and  Crop  Data  for  Mowor  Conniy  from  Ctntns  of  Z910 

Roxal  population  ia,079  or  17  per  aqnare  mile 

Per  cent  of  land  area  in  farma 94.1 

Per  cent  of  farm  land  improved 91^ 

Average  acrea  per  farm • 179.6 

Average  improved  acrea  per  farm 164.1 

Value  of  all  farm  property $311*90,093 

Per  cent  of  increase  1900  to  19x0 S4-J 

Value  of  all  cropf  in  1909 $3»«3ii403 

Cereala  (oata,  eon,  barley,  wheat,  rye) $a,i46«oio 
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Farm  and  Crop  Data  for  Mower  County  (Continuad) 

Other  grains  and  seeds $310,7x7 

Hsj  and  forage*  $5s6»5i7 

Vegetables $x  1 4395 

Fruits  and  nuts $i8>44< 

AJl  other  crops $i04»8ja 

*  Time  grass,  9i»89i  tons;  wUd  grass,  9,58s  tons. 

FRSEBORN  COUNTY 

Freeborn  County  is  on  the  southern  border  of  the  state,  with  Albert 
Lea  as  the  county  seat  It  includes  20  townships  or  720  square  miles, 
with  a  land  area  of  700  square  miles,  the  remaining  20  square  miles  being 
occupied  by  lakes.^  The  greater  part  of  the  county  is  drained  southeast- 
ward to  Cedar  River,  but  the  northwest  part  drains  northwestward  to 
the  Minnesota  River.  A  few  prominent  points  on  moraines  rise  above 
1,300  feet,  but  the  general  altitude  is  between  1,200  and  1,300  feet  above 
sea  level 

This  county  was  covered  by  the  latest  or  Wisconsin  gladation,  except 
a  few  square  miles  in  the  southeast  comer  township.  The  border  there, 
however,  is  not  strongly  marked,  and  exposures  of  the  drift  are  so  shal- 
low that  it  is  in  places  difficult  to  determine  the  full  limits  of  the  Wis- 
consin drift  The  southeast  comer  of  the  county  has  the  broad  swales 
and  somewhat  mature  erosion  topography  of  the  pre-Wisconsin  drift. 

The  Wisconsin  drift  is  very  thin  for  from  4  to  8  miles  back  from 
its  limits.  There  a  strong  moraine  appears  whose  trend  is  slightly  west 
of  south  across  the  eastem  part  of  the  county.  There  are  several  subse- 
quent moraines  of  considerable  strength  traversing  the  county  in  the  same 
general  course.  The  city  of  Albert  Lea  lies  between  two  such  moraines, 
while  another  moraine  passes  east  of  Alden  and  Hartland.  Two  weak 
moraines  cross  the  northwest  part  of  the  county,  passing  on  each  side  of 
Freebom  Lake. 

There  are  extensive  marshes  in  the  eastem  part  of  the  county  between 
the  first  and  second  strong  moraine,  one  lying  southeast  of  Geneva  Lake, 
having  an  extent  of  at  least  30  square  miles.  This  seems  to  have  been 
once  an  expansion  of  Geneva  Lake,  and  its  surface  stands  only  a  few 
feet  above  the  present  lake  level  There  are  other  marshes  inclosed  be- 
tween moraines  in  the  northem  part  of  the  county  and  in  till  plains  in  the 
northwest  part. 

The  lakes  at  Albert  Lea  once  had  an  altitude  45  feet  higher  than 
now,  and  were  combined  into  a  single  large  glacial  lake  that  covered  much 
of  the  present  site  of  the  dty.  The  brickworks  in  the  west  part  of  the 
dty  use  day  deposits  laid  down  in  this  expanded  lake.  The  lowering  of 
the  lake  was  due  to  the  cutting  down  of  its  outlet  along  SheU  Rock  River. 

«The  census  of  1910  ghres  the  eonntr  •  Isnd  area  of  73s  square  nilles»  which  Is  efidently 

ineorrect. 
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An  extensive  outwash  plain  of  light  sandy  gravel  lies  immediately 
north  and  west  of  Albert  Lea  along  the  eastern  border  of  a  strong  moraine. 
Another  extensive  outwash  plain  of  sandy  gravel  connected  with  the 
same  moraine,  covers  much  of  the  southwest  township  of  the  county. 
There  are  also  outwash  plains  connected  with  preceding  moraines  extend- 
ing from  the  lakes  to  south  of  Glenville  from  which  water  discharged 
down  Shell  Rock  valley. 

The  moraines  are  composed  largely  of  clayey  till,  but  they  all  include 
a  few  gravelly  knolls,  and  some  of  them  have  local  development  of  coarse 
stony  drift  with  stony  loam  soil.  The  till  plains,  which  with  their  included 
marshy  tracts,  occupy  about  half  the  surface  of  the  county,  have  usually 
a  very  rich  pebbly  clay  loam  soil.  The  marshes  and  wet  land  on  the  till 
plain  have  been  already  greatly  reduced  by  ditching. 

Pgrcentag€S  of  Classes  of  Lamd  in  Frsshom  County 

Square  miles    Per  cent 

Pre-Wtacontin  till  plain,  black  clay  loam ao  a.ft6 

Morainei  of  Wliconain  drift,  chiefly  pebbly  clay  loam  toil 240  34-'S 

Outwaah  plaini  of  aandy  gravel  with  aandy  to  aandy  loam  toil 60  8.57 

Till  plaint,  chiefly  pebbly  clay  loam 310  44-'8 

Lake  clays  with  cnltirable  land 2  o.a8 

Marshes  and  bogs 68  9.70 

700  99.97 

Farm  and  Crop  Data  for  Freeborn  County  from  Census  of  1910 

Rural  population  14,588  or  so  per  square  mile 

Per  cent  of  land  area  in  farms 87.9 

Per  cent  of  farm  land  improred 79-4 

Average  acres  per  farm 167.0 

Average  improved  acres  per  farm « i3>-7 

Value  of  all  farm  property $S7>96x,397 

Per  cent  of  increase  xpoo  to  1910 60.6 

Value  of  all  crops  in  1909 $3>074.oi7 

Cereals  (com,  oats,  wheat,  barley,  rye) $2,156,961 

Other  grains  and  seeds $39f7S9 

Hay  and  forage*   $603,961 

VegeUbles l93»545 

FruiU  and  nuts $3>>796 

AU  other  crops $146,995 

*  Tame  grass,  76,345  tons;  wUd  grass,  64,550  tons. 

FARIBAULT  COUNTY 

Faribault  County  is  located  on  the  southern  border  of  the  state  with 
Blue  Earth  as  the  county  seat.  The  drainage  is  all  northward  through 
Blue  Earth  River  and  its  tributaries  to  the  Minnesota  River  at  Mankato. 

The  county  is  largely  a  till  plain  with  an  altitude  above  sea  level  of 
1,050  feet  on  the  north  border  and  1,150  to  1,200  feet  near  the  state  line. 
There  are,  however,  weak  moraines  traversing  it,  and  a  very  prominent 
moraine  known  as  the  Kiester  Hills  occupying  much  of  the  southeast 
township.    The  highest  points  on  these  hills  are  nearly  1400  feet.    There 
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are  also  sharp  knolls  and  clusters  of  knolls  in  the  southwest  part  of  the 
county  rising  50  to  75  feet  above  the  plain.  Smaller  gravel  knolls  occur 
3  to  4  miles  north  of  Bricelyn. 

Northeast  of  Bricelyn  there  is  an  old  lake  bed  covering  several  square 
miles  in  which  the  till  is  coated  to  a  depth  of  several  feet  with  sand  and 
silt  deposits.  It  occupies  a  low  plain  northwest  of  the  Kiester  Hills.  Bars 
and  beaches  of  sandy  gravel  are  found  on  parts  of  its  shore.  This  lake 
seems  to  have  been  drained  by  cutting  down  of  the  valley  of  East  Fork 
of  Blue  Earth  River.  It  may  be  remarked  in  this  connection  that  the 
flattest  parts  of  the  Blue  Earth  basin  seem  likely  to  have  been  partially 
submerged  for  some  time  after  the  ice  sheet  disappeared,  for  the  drain- 
age development  is  likely  to  have  been  very  slow. 

The  till  plain  has  a  black  clay  loam  soil,  but  the  moraines  have  a  large 
amount  of  gravelly  and  stony  loam,  as  also  do  the  knolls  scattered  over 
the  plain. 

Ptrctntages  of  Classts  of  Land  tn  Faribauit  County 

Square  miles  Per  cent 

Gravelly  morainet  and  knoUy  drift,  stony  loam a$  3.47 

Clayey  moraine,  pebbly  elay  loam 66  9.18 

Tin  |^ain»  chiefly  black  clay  loam 600  83.45 

Lake  beds  near  Bricelyn,  sandy  and  silty  loam x8  a.50 

Marshes  and  bogs  including  drained  lakes 10  x.40 

719  X00.00 

Farm  and  Crop  Data  for  FaribauU  County  from  Census  of  1910 

Rural  population  11,684  or  i6.a  per  square  mile 

Per  cent  of  land  area  in  farms 94.3 

Per  cent  of  farm  land  improved , 88.6 

Average  acres  per  farm aoa.7 

Average  improved  acres  per  fum X79*6 

Value  of  all  farm  property l3a,474,07J 

Per  cent  of  increase  1900  to  1910 49.4 

Value  of  all  crops  in  1909 $3,412,984 

Cereals   (com,  wheat,  oats,  barley,  rye) $31775*679 

Other  grains  and  seeds $94,188 

Hay  and  forage*  $449>440 

VegctoUes » $80,674 

Fruita  and  nuU $3^,360 

All  other  crops $50,641 

*  Tame  grass,  3^,509  tons;  wild  grass,  59,935  tons. 

ICA&TIN  COUNTY 

Martin  County  is  located  on  the  southern  border  of  the  state,  with 
Fairmont  as  the  county  seat.  Its  area,  including  lakes,  is  about  723 
square  miles.  The  lakes  are  estimated  to  cover  19  square  miles."  The 
greater  part  of  the  county  is  drained  eastward  to  Blue  Earth  River,  but 
the  southwest  part  is  drained  southward  into  Iowa  by  an  eastern  tributary 

■The  census  of  1910  gives  a  land  area  of  719  square  miles  which  is  15  square  miles  too  high. 
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of  the  Des  Moines  River.  There  are  several  chains  of  lakes  in  Martin 
County,  which  have  been  interpreted  by  Upham  in  his  report  on  that 
county  to  marie  the  line  of  intergladal  valleys,  whidi  have  been  insu- 
larly filled  by  the  deposits  of  the  latest  or  Wisconsin  tilL  The  soil  sepa- 
rating the  Wisconsin  till  from  the  older  till  below  it  is  to  be  seen  in  a 
few  places  along  the  bluffs  of  the  lakes. 

The  surface  slopes  gently  from  southwest  to  northeast,  being  about 
1400  feet  in  the  southwest  comer,  and  about  1,050  feet  in  the  northeast 
comer  of  the  county. 

Three  morainic  belts  traverse  the  county  from  northwest  to  southeast, 
which  were  formed  on  the  southwest  side  of  the  Minnesota  valley  lobe 
of  the  Keewatin  ice  field.  They  are  all  rather  diffuse  knotty  tracts  with 
nearly  plane  areas  inclosed  among  the  knolls  and  ridges.  The  middle 
belt,  which  traverses  the  central  part  of  the  county,  is  spread  over  a  width 
of  4  to  8  miles,  and  the  others  are  generally  2  to  4  miles  wide.  Gravelly 
knolls  are  scattered  along  the  moraine,  and  occur  to  some  extent  along 
the  bordering  till  plain,  but  the  moraines  are  generally  of  clayey  till 
The  plains  have  a  rich  black  day  loam  soil,  though  a  small  area  north* 
west  of  Ceylon  has  a  sandy  soil. 

Ptrctntagit  of  CIctstt  of  Lomd  m  Mmrtin  County 

Sginre  miles  Per  cent 

GraTelly  knollt  in  mormines  and  elaewhere,  itony  loam 30  4.46 

Clay  moraines  with  pebbly  clay  loam  soil 175  S4.86 

Till  plain  with  black  clay  loam  soil 470  66.76 

Gravelly  and  sandy  soil  on  plains  and  vmlleys so  a.S4 

Wet  land,  marshy  and  hoggr , ^9  i.jS 

704  100.00 

Farm  and  Crop  Data  for  Martin  County  from  Census  of  1910 

Rural  population  ii,4S3  or  16.3  per  square  mile 

Per  cent  of  land  area  in  farms • 93*® 

Per  cent  of  farm  land  improved 8S.x 

Average  acres  per  farm 196.x 

Average  improved  acres  per  farm 172.8 

Value  of  all  farm  property • $30»Sx<»sSo 

Per  cent  of  increase .  1900  to  1910 •  •  • •.••••••.. 87-8 

Value  of  all  crops  in  1909 $3>t5Sf8s6 

Cereals  (oats,  com,  wheat,  barley,  rye) $s»S04»379 

Other  grains  and  seeds $as>9x< 

Hay  and  forage* $458,496 

Vegetables $88,679 

Fruito  and  nuts $36,7S7 

All  other  crops $4X>599 

*Tame  grass,  49*845  tons;  wild  grass,  49*541  tons. 

JACKSON  COUNTY 

Jackson  County,  of  which  Jackson  is  the  county  seat,  is  located  on 
the  southern  border  of  the  state.  The  land  area  is  702  square  miles  and 
the  lake  area  about  20  square  miles.    Heron  Lake,  a  body  of  water  12 
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miles  long,  lies  in  the  northwest  quarter  of  the  county.  The  drainage  is 
largely  by  the  Des  Moines  River,  the  outlet  of  Heron  Lake  being  north- 
ward into  the  Des  Moines.  The  east  part  of  the  county  drains  to  the 
Minnesota  River,  while  the  southwest  part  is  drained  by  Little  Sioux 
River  into  the  Missouri  River  drainage. 

A  prominent  moraine  on  the  west  side  of  the  Des  Moines  runs  north 
to  south  across  the  county  and  rises  in  places  above  1,500  feet.  A 
similar  altitude  above  sea  level  is  attained  in  the  extreme  southwest  part 
of  the  county  which  is  crossed  by  another  moraine.  There  are  two  weak 
moraines  east  of  the  Des  Moines,  separated  by  a  till  plain  about  6  miles 
wide.  A  more  extensive  till  plain  covers  the  western  part  of  the  county. 
The  moraines  are  very  largely  of  clayey  till  The  till  plains  have  a  rich 
black  day  loam  soil,  and  portions  of  the  plains  in  the  western  part  of 
the  county  have  a  thin  deposit  of  silt  over  the  till. 

A  narrow  gravelly  strip  follows  the  Des  Moines  vallqr  for  a  few  miles 
below  Windom,  but  in  the  southern  part  of  the  county  the  Des  Moines 
valley  has  bluffs  of  till  to  a  height  of  nearly  100  feet  above  the  stream. 

Pgrcfntag§s  of  Clauu  of  Lomd  m  Jofiksou  County 

S4|itare nOM    Percent 

Moraines  chiefly  of  clarey  tiH,  pel>bly  clmy  loam :..  ate  37>04 

GraTelly  nofainie  drift  with  atooy  loam  aoH to  x.4a 

GnRvel  in  Det  Moines  Talley t7  a.4S 

Tm  ^ain.  Mack  clay  loam 405  S7«69 

ad  bogs xo  X.4S 


roa  99.99 

Fwrm  und  Crop  Data  for  Jackson  County  from  Cantus  of  1910 

Karal  popolatton  xo,539  or  15  per  sqtiare  mile 

Per  cent  of  land  area  in  farms 9x*6 

Per  cent  of  farm  land  improved. ••••• •••.......•••.. «. ••  86.a 

ATerage  acres  per  farm •• axs.8 

Avevase  improred  acres  per  faxvi •••••..*.••••••••••••••.•.•.•.•...•.••  i86wx 

Valve  of  all  farm  piopeity Mtf»357»7x^ 

Per  cent  of  increase  1900  to  19x0 S6.4 

Value  of  all  crops  in  1909 $a,7S0,7^ 

Cereala  (com,  oats,  barley,  wheat,  rye) $s,x63»845 

Other  grains  and  seeds $9<>X97 

Hay  and  forage*  $39<f087 

Vegetables $73>sx4 

Fmita  and  nuta. . . . « $X9,S74 

All  other  cropa l9»8o9 

*  Tame  grass,  4S>787  tons;  wUd  grass,  46»386  tons. 

NOBLES  COUNTY 

Nobles  County  is  located  on  the  south  border  of  the  state  in  south- 
western Minnesota,  with  Worthington  as  the  county  seat.  The  drainage 
of  the  northeast  part  is  to  the  Des  Moines  River,  but  the  southern  and 
western  parts  drain  southwestward  across  Iowa  into  the  Big  Sioux  River, 
and  thence  to  the  Missouri. 
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The  county  is  crossed  from  northwest  to  southeast  by  the  Coteau 
des  Prairies,  its  crest  passing  between  Worthington  and  Rushmore. 
Much  of  the  crest  stands  above  1,700  feet,  and  part  of  it  above  1,750 
feet,  but  its  altitude  at  the  state  line  is  1,650  feet  above  sea  level  There 
is  a  gentle  slope  southwestward  from  the  crest  to  about  1450  feet  in  the 
southwest  comer  of  the  county.  There  is  a  similar  slope  to  the  north- 
east comer  of  the  county,  whidi  also  is  about  1450  feet 

Two  well-defined  moraines  which  are  separated  by  a  narrow  till  plain 
I  to  5  miles  in  width,  traverse  the  high  part  of  the  G)teau  des  Prairies 
across  the  county.  To  the  east  of  the  eastern  or  inner  moraine  is  a 
smooth  till  plain  extending  beyond  the  county  limits  into  Jackson  County. 
To  the  west  of  the  western  moraine  a  tract  of  very  thin  young  or  Wis- 
consin drift  is  found.    The  drift  veneers  the  eroded  surface  of  an  older 

I  drift  and  the  present  drainage  nms  in  about  the  same  lines  as  that  the 
intergladal  vallqrs  fottowed. 

The  pre-Wisconsin  or  old  gray  drift,  whidi  is  exposed  in  a  narrow 
strip  on  the  southwest  edge  of  the  county,  contains  there  a  large  amount 
of  gravel,  and  has  a  thin  coating  of  silt  some  of  which  may  be  wind  de- 
posited.   A  more  typical  deposit  of  silt  or  loess  sets  in  a  few  miles 

I  farther  west  The  gravel  in  this  old  drift  is  much  stained  by  iron  and 
much  more  weathered  in  appearance  than  the  Wisconsin  drift.  In  places 
within  the  limits  of  the  Wisconsin  drift  the  old  gravel  has  been,  gathered 
up  and  mixed  with  the  fresh  material  of  that  drift  Good  exposures  of 
such  an  admixture  are  to  be  seen  in  Adrian  and  westward  between  the 
village  and  Kanaranzi  Creek.  The  older  till,  though  more  deeply  oxidized 
than  the  Wisconsin  drift,  shows  only  a  slight  depth  of  leaching  of  its 
calcareous  material  A  response  with  add  is  usually  obtained  within  two 
feet  of  the  surface,  whereas  in  drift  of  similar  age  in  the  southeast  part 
of  the  state  there  has  been  leaching  to  a  depth  of  4  to  6  feet  The  de- 
ficiency in  rainfall  is  thought  to  be  the  main  cause  for  the  slight  amount 
of  leaching,  as  was  noted  in  the  general  discussion. 

The  moraines  of  Wisconsin  drift  are  composed  largely  of  clayey  till 
but  parts  of  them  are  of  coarse  material  with  a  slight  loamy  admixture, 

'  and  there  are  also  gravelly  knolls.    The  till  plains  are  of  clayey  diar- 

I  acter,  and  in  places  have  a  coating  of  fine  silt  loam  a  few  inches  thick 
above  the  pebbly  till. 

There  are  narrow  strips  of  gravelly  outwash  connected  with  parts  of 
the  border  of  the  prominent  moraines  of  this  county.  The  valleys  also 
that  lead  southwest  from  the  Coteau  des  Prairies  generally  are  fringed 
with  narrow  gravelly  strips.  These  seem  to  have  been  formed  in  part 
by  glacial  drainage,  but  are  being  worked  over  and  redeposited  by  modem 
drainage  lines. 
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A.      ZUMBRO  VALLEY   NEAR  ROCHESTER 


B.      VALLEY   OF  ROLLINGSTONE   RIVER   NEAR    MINNESOTA   CITY 


C,      MISSISSIPPI    VAI.I^KY    AT    MINNESOTA    CITY 
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P€rc€ntag€*  of  Clastgs  of  Land  in  Nobhs  County 

Square  miles  Per  cent 

Old  or  pre*WiaeonnB  drift,  Imrgely  grmTellr  to  ttony  loem 66  9.14 

Morasaet  of  Wiscoatin  drift,  chiefly  pebbly  clayey  loam lao  i6.6a 

Wifcontiii  tin  plain,  largely  Uack  day  loam ^ 500  69.^5 

Ontwaah  and  TaUey  graTela,  gravelly  to  etony  loam 36  4.99 

yaa  100.00 

Form  and  Crop  Dote  for  NobUs  County  from  Ctnsnt  of  igto 

Rural  population  9,358  or  13  per  aqnare  mile 

Per  cent  of  land  area  in  farms 90.S 

Per  cent  of  farm  land  improved 9s*8 

ATerage  acres  per  farm ss9>9 

Average  improved  acres  per  farm s>3«4 

Value  of  all  lurm  property $30,o66,799 

Per  cent  of  increase  1900  to  19x0 xo6.i 

Value  of  all  crops  in  1909 $1,788,1x1 

Cereals   (oats,  com,  barley,  wheat,  rye) $4,149,699 

Other  grains  and  seeds $8s>39s 

Hay  and  forage*   $436,346 

Vegetables $93>096 

Fruito  and  ntits $x8,3xs 

All  other  crops $5*336 

*Tame  grass,  56,184  tons;  wild  grass,  19,809  tons. 

ROCK  COUNTY 

Rock  County  is  the  southwest  comer  county  of  the  state,  with  Luveme 
as  the  county  seat.  The  drainage  is  all  southwestward  to  Big  Sioux 
River.  The  highest  land  is  a  quartzite  ridge  that  runs  from  near  Luveme 
northward  past  Hardwick  to  Trosky,  and  which  stands  1,650  to  1,750 
feet  above  sea  level.  The  lowest  land  in  the  southwest  part  of  the  county 
is  about  1400  feet,  but  on  the  divide  between  the  streams  an  altitude  of 
1,500  feet  is  maintained  nearly  to  the  southem  end  of  the  county. 

The  Wisconsin  or  young  gray  drift  covers  only  a  few  square  miles 
in  the  northeast  township,  and  diere  it  is  a  thin  veneer  on  the  eroded 
surface  of  the  old  gray  tUL  In  places  it  has  a  slight  ridge  at  the  border, 
such  being  the  case  for  two  or  three  miles  from  the  north  line  of  the 
county  on  the  west  bluff  of  Rock  River,  but  usually  the  drift  is  only 
10  to  26  feet  thick.  There  appears  to  have  been  a  weak  outwash  from 
it  down  the  tributaries  of  Rock  River,  as  well  as  along  Rock  River  itself. 

The  old  gray  drift  contains  a  large  amount  of  gravelly  material,  but 
till  is  interbedded  with  the  gravel  and  forms  part  of  the  surface. 

The  southwest  part  of  the  county  has  a  deposit  of  loess  over  the  till 
several  feet  in  depth,  or  enough  to  form  the  soil  and  subsoil.  Elsewhere 
the  cover  of  silt  is  thin  and  discontinuous. 

The  eastem  part  of  the  county  east  of  Rock  River  has  a  heavy  drift 
deposit,  but  the  northwest  quarter  is  very  thinly  coated  with  drift,  and 
small  outcrops  of  quartzite  are  numerous.    The  old  till  of  this  county. 
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Uke  that  of  NoUet  Coontj,  h  not  dtepfy  hadicd,  bm  it  shams  Iqgh  oxida- 
tJOfiy  sod  has  been  greanjr  eroded  io  its  tUck  poftioDs. 

F^ct  Jig  1 1  «/  Ohmv  «/  £«iitf  m  Umtk  Ct^tj 


Lmm  •vcr  cU  4rill,  Mk  Imm. if«  ^4.5$ 

ITcwIy  k««  fwfc  ia  cU  Mit  Ma t»  Ca» 

Nf  1mm iS  3.S( 

«4  4-SS 

F«rw  mtd  Cwp  Dt$m  ftr  Mstk  Ci—tj  ^rvai  C«um  ^  jpw 

Raril  fdfiiiriDa  tf^4tS  or  ij  f«r  ifMiv  ■■• 

Ter  etfli  of  bad  area  m  faiM 91.6 

Fcr  ctflt  of  fra  1m4  iapfovvi f3jf 


Aiififi  iBpfovai  aeraa  per  fra aa4-7 

Vahm  of  aO  fra  yrofcrtjr ^  |as,a97.i*S 

Fcr  ccst  of  kunwM  1900  to  ifio xjii*J 

Valat  of  aS  crofo  is  1909 • •«  faw^SsSiS*^ 

Ccrtala  (con,  oali^  Wrier*  vhcat,  rye) %M^H3ASt 

Other  grafaM  tad  aoada.... •.  $11.5x4 

Har  aad  loraft*  SsiSd^Ss 

VoftCaUaa |Si*3SO 

FntHa  aad  aau f7f4i7 

AH  odtar  cropc |4*S»7 

•  TtflM  srui,  jS,rf  I  tmu;  wild  srui,  aj«070  Ibm; 
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Adrian,  glacial  drift  near 140 

Afton,  glacial  drift  near 89 

Agassis,  Lake s,  ",  14,  r6,  X7»  18.  ip,  S6, 

57.  58.  7a»  73.  74»  76.  77. 
79$  88,  97*  98,  107*  XXX,  xxj, 
130,  X31 

Agricultural  dcTelopment  since  1850 58-60 

AgricultTire,  Dei»artment  of,  UniTcrsitr  of 

Minnesota   4 

Aitken  County 9.  xs,  17,  49,  50,  64-65 

Aitken,   glacial   Lake 17 

Albert  Lea,  glactal  formations  near.  ..135, 136 

Alden,  glacial  moraine  near 135 

Alexandria    7a 

AUuTtal  bottoms  58 

Altitude  of  Minnesota 6 

map 8 

Altitude  of  south  half  of  Minnesota 45 

Ambo7,  glacial   formations   near 123 

Annandale,  outwash  plains  near 55 

Anoka    8s,  86 

Anoka  County 9,  53,  60,  86-87 

Appleton,  glaciation  near 55 

Area   of   Minnesota 5 

Arthyde   65 

Anstin    133 

limestone  near  ax 

Barley    60,108 

Battle  Lake*  outwash  plain  near 7J 

Beardsley,   moraine    near 77 

Bearer  dams 63 

Becker  County    6, 9 

crop-growing   season 31 

Belle  Ilaine  prairie X04 

Benton  County 49,  50,  8J-83 

Benton,  Lake  xi6,xi8 

Beroun,  swamps  near 63 

Big  Sioux  River xi6,  X17,  1x9,  139,  X41 

Blc  Stone  County 57,  77-78 

Big  Stone  Lake xo,   S7,  58,   76,  77 

Blue  Earth   136 

Blue  Earth  County 55,   i2s.a4 

Blue  Earth  River 136,  X37 

Boia  des  Sioux  River 57,  74,  75,  76 

Brabam,  glaciation  near 65 

Brainerd,  glaciation  near t7»  67 

Bricelyn,  glacial  lake  features  near 137 

Brown  County  55,  XX3-X4 

Brown  Valley,  glacial  lake  features  near. .     16 

Bruno,  swamps  near 63 

Buffalo  9a 

Butters,  Frederic  K.,  map  prepared  by...     so 

Caledonia,  loess  near 131 

Cambridge   85 

Cannon  River   X05,  xo6,  107, 109 

fix,  X33,  i«4,  las 

Carlton  County   14,16 

Carrington  loam X07,  X09,  x xo 

Carver  County 49,  53,  55,  60,  xoa-3 
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Cass  County 9,  50,  68 

glacial  lake  features x6 

Cedar  River 125,  xs6,  X33,  134,  133 

Center  City   87 

Cereals,   acreage    60 

Chanarambrie   Creek 1x9 

Chandler,  glacial  features  near $s,  1x9 

Chaska xoa 

Chippewa  County   55,97 

Chippewa  River 57,  7«,  73,  78,  79,  80,  96 

Chisago  County 9,  53,  58,  87-88 

Christina  Lake » . . . .     7a 

Classification   of  land.     See  Land   Classi- 
fication 

Clear   Lake,   moraine   near xxj 

Clearwater  County 9 

crop-growing  season 3X 

Clearwater  River 7,  55 

Clinuite,  continental 23-24 

Climatic  conditions  of  Minnesota ^3-44 

Cold  Spring,  moraine  near 5x,  8x 

Cook  County    6 

Com   60 

Cortland,  moraine  near -  x  xa 

Coteau  des  Prairies 6,  5a,  98,  x  x  5,  116 

X17, 1x8,  XX9,  xao,  140 

Cottonwood  County 5a,  55,  xao-ax 

Cottonwood  River X13,  114,  x  15 

Cretaceous  deposits X15 

Crookston,  glacial  lake  features  near 16 

Crop-growing  season 3 

lexigth 31,  34 

temperature s6 

Crow  River 55,  80,  81,  93»  95, 100,  loi,  xoa 

Crow  Wing  County 67-68 

facial    lake   features xy 

Crow  Wing  River 16,  68,  70,  7a 

Dakota  County la,  47,  49, 104*106 

Darling  Station,  esker  near 69 

Darwin,  outwash  plain  near 55*  93 

Deerhom  Creek 74 

Des  Moines  lobe lox 

Des  Moines  River,  i X19,  lao,  xai,  138,  139 

Dodge  County   1 5,  46, 47,  is6-a7 

agricultural  conditions 60 

Douglas  County Si,  54,  55,  7a-73 

Drainage,  dendritic xo6 

Drainage,  importance 18 

Drainage  of  Minnesota 6-7 

Drainage  of  south  half  of  Minnesota 45 

Drift   9,  12,  14,  53-i4a 

lUinoian    40-49' 

lowan    47-48 

Kansan   47,  48-49 

Labradorian • : 50 

old  gray 47 

old   red 48-49 

Patrician <9-5o 

pre-Wisconsin    46-47 
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Drift  (continoed) 

Wbeontifi  red 49-So 

yotiBC  gny 50-5< 

70tiiic  rad 49*S0 

Driftlcts  ftrea a.  to^  i8»  4S-46 

Dulitth,  lettlemeat 594(0 

Dolitth,  Lake 14, 16, 17, 63, 8S 

Dtdutli,  raiay  dajra 41 

Done   aandt 53'S4*  69. 83,  S4.  Ss.  86, 8S 

Edca  VaUejr,  morainet  near 54«  SS 

Elbow  Lake 73 

Elk  RiTer 8^.84 

ElTaian,  glacial  featnrea  near i ix.  143 

Elraian,  Lake iJ4 

Efflbarrast  River,  glacial  featurei  near. ...     16 

Eroaion 47 

in  prairie  and  forest 19 

Bakera   49.69,83 

Fairmont 137 

Fargo  loam x  10, 1*3 

Faribault   X09 

Faribault  Gtunty 55, 136-37 

Farmington,  loeaa  depotit  near xo6 

Feldfpar,  weathering 19 

Fefgna  Palla 71 

Fillmore  Countr I5>  46,  X3a-33 

Firea,   forest 

effect  on  soil ax-Ji 

Hinckler  fire jj,  63 

Foley,  esker  near 83 

Forest  and  prairie,  map  showing ao 

Forest  City,  glacial  lake  formation 94 

Forest  fires.     Stt  Fires 

Forested  areas,  settlement 60 

Fort  Ripley,  dune  sand  near 69 

Foxhome,  soil  near 75 

Freeborn  County  53,  60, 135-36 

Freeborn  Lake 135 

Fremont,  soil  near 130 

Frosts,  killing,  average  date  of  first  and 

1m*    •. -ail  3^1  33 

Fruit-growing   89 

Gaylord tot 

Geneva  Lake 135 

Geological  Survey.  Stt  Minneaota  Geo- 
logical Survey  and  United 
Sutea  Geological  Survey 

Geology,  surface \.» . io-i8 

Glacial  deposits xa 

5#«  9U0  Drift 

Glacial   lakes x6-x8 

Glencoe    loi 

Glenville,  outwash  plain  near 136 

Glenwood 79 

Goodhue  County 15, 46, 47, 49,  60, 106-9 

Granger,  quarts  formations  near 134 

Granite  Falls,  formations  near 97 

Granite  outcrops 83, 97, 98, 100 

Grant  County .57,  73-74 

Grantsburg   lobe    

53»  54.  55,  65,  81,  84,  85,  87,  92,  xoi    I 
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Gray  Eagle,  morainea  near 70 

9S 
1X9 
lOS 
S6 
Ui 
87 
«3$ 
X04 
.60,89 


Green  Lake,  morainea  near. 

Hadley,  moraine  near 

Hampton,  red  drift  near. . . . 
Hanley  Falla,  drainage  near. 
Hard  wick,  qvartsite  ridge... 

Harris  

Hartland,  morainea  near.... 

Haatings 

Hay  


Hennepin  County 9*  49»  S3»  SS*  S8»  60, 9i-9« 

Heron  Lake 138-39 

HineUey  forest  fire aa,63 

Houston   County a,  la,  46, 60,  t3x-3S 

Hubbard  County 9 

crop-growing  season •••••••••••••••••    31 

glacial  featnrea x6 

Hodaon  Bay  drainage  system 6-7 

Humidity,  mean  relative • 43 

Huron,  facial  lake ty 

IlUnoian  drift • 48-49 

Improved  land 6x 

Interglacial  valleya..  .66, 69,  7^74,78,79.83.  xxj 

lowan  drift 47-48 

Isanti  County 9. 53. 85-86 

Itaaca  County 9,  x6 

Jackson   County %%,  xax,  X38-39 

Kanabec  County 49, 65-66 

Kanaranai  Creek 140 

Kandiyohi  County 54.  55, 80, 94. 95-9« 

highest  temperature  in a6 

Kansan  drift 46-47,  X05 

Keewatin  ice  aheet 9,  xa,  15,  x 7, 49,  53-x4a 

Kettle  River. . . , So,  63 

Kiester  Hills 136,  X37 

Kimball,  morainea  near 54.  55. 8x 

Kingston,  glacial  lake  featurea  near 55,94 

Klossner,  moraines  near ixa 

Knox  ailt 107 

Koochiching  County    x6,  as 

Labrador  ice  aheet X5, 49,  50 

Lac  qui  Parle 58 

Lac  qui  Parle  County 55,98 

Lac  qui  Parle  River 98 

Lake  City,  glacial  drift  near xa8 

Lake  deposits  14 

Lake  of  the  Woods 5,  x6 

Lakeland,  glacial  depoaita  near 58 

Lakes,  glacial t6-x8 

Lakea  of  Minneaota 15 

area 7 

Land  classification  S3-i4< 

Leaching x 9, 46, 105,  X07,  X3a,  X34, 140 

Leaf  Hills 6,7a 

Leaf  Mountain ya 

Leech  Lake 7 

Leech  Lake  Dam,  climate '6,40 

Le  Sueur  Center xx x 

Le  Sueur  Couhty 53,  xxx-x« 

Le  Sueur  River xa4 
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PRELIMINARY  REPORT  ON  THE  GEOLOGY  OF 

EAST  CENTRAL  MINNESOTA  INCLUDING 

THE  CUYUNA  IRON -ORE  DISTRICT 

By  E.  C.  Harder  and  A.  W.  Johnston  • 

INTRODUCTION 

The  geologic  work  in  the  Cuyuna  iron-ore  district  is  being  done 
jointly  by  the  Minnesota  Geological  Survey  and  the  United  States  Geo- 
Ic^ical  Survey.  Since  only  a  few  outcrops  of  bed  rock  occur  in  the  dis- 
trict or  in  the  region  adjacent  to  it,  the  study  has  been  based  largely  on 
the  results  of  exploration  and  mining  work.  Many  drill  cores  and  rec- 
ords of  diamond  drilling  from  various  parts  of  the  district  have  been 
examined,  and  in  addition  the  occurrence  and  structure  of  the  rocks  as 
shown  in  the  underground  and  open  pit  workings  of  various  mines  have 
been  studied  in  detail,  and  detailed  geologic  and  topographic  maps  have 
been  made  of  several  of  the  open  pit  mines. 

In  order  to  gain  a  more  comprehensive  idea  of  the  major  structure 
of  the  rocks  of  east  central  Minnesota,  and  particularly  to  note  if  possible 
the  relation  of  the  rocks  of  the  Cuyuna  district  to  such  major  structure, 
a  careful  study  of  the  rock  outcrops  of  the  region  lying  west,  south,  and 
east  of  the  Cuyuna  district  was  made.  This  included  the  detailed  map- 
ping of  most  of  the  rock  exposures  lying  nearest  to  the  Cuyuna  district 
in  Cass,  Todd,  Morrison,  Mille  Lacs,  Kanabec,  Pine,  Carlton,  and  Aitkin 
counties,  and  a  more  general  study  of  the  outlying  exposures  in  these 
counties  and  also  in  Stearns,  Benton,  and  Sherburne  counties.  North  of 
the  Cuyuna  district,  in  the  region  lying  between  it  and  the  Mesabi  dis- 
trict, no  rock  outcrops  are  known  and  the  relation  between  the  rock 
formations  of  these  two  districts  will  have  to  be  determined  by  under- 
ground exploration. 

As  the  development  work  in  the  Cuyuna  district  is  constantly  in 
pr<^ress,  it  has  been  considered  advisable  to  publish  the  present  prelimi- 
nary report  giving  the  general  results  of  the  investigations  up  to  the 
present  and  to  delay  the  publication  of  a  more  complete  report  pending 
the  accumulation  and  study  of  further  data. 

The  present  report  is  incomplete  in  many  ways.  The  descriptions  of 
the  rock  outcrops  are  .very  general.  Thin  sections  for  microscopic  ex- 
amination of  many  of  the  rocks  have  not  yet  been  made,  and  the  exact 
mineral  composition  of  these  remains  to  be  determined.  In  the  descrip- 
tions, therefore,  only  the  general  characters  and  geologic  relations  of  the 
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rocks  are  discussed,  the  details  of  texture  and  mineral  composition  being 
only  briefly  mentioned. 

The  structure  and  stratigraphy  of  the  rocks  of  the  Cuyuna  district 
also  remain  to  be  determined.  Information  is  as  yet  too  incomplete  to 
attempt  arranging  the  various  beds  into  a  stratigraphic  succession.  It 
is  a  question  even  whether  it  will  be  possible  to  work  out  such  a  succes- 
sion for  many  years  to  come  because  of  the  general  similarity  of  the 
rocks  and  the  complex  deformation  which  they  have  suffered.  As  re- 
gards the  structure  of  the  rocks  more  data  are  available  and  it  is  hoped 
that  some  progress  may  be  made  in  this  respect  before  the  publication 
of  the  final  report. 

The  origin  of  the  iron  ore  is  only  briefly  mentioned,  a  more  complete 
discussion  being  reserved  for  the  final  report. 

Accompanying  the  present  report  is  a  map  showing  the  trend  and 
location  of  the  different  belts  of  iron-bearing  formation  in  the  Cuytma 
district.  This  is  the  first  map  which  has  been  published  givii^^  in  detail 
the  surface  distribution  of  the  iron-bearing  formation  in  the  Cuyuna 
district,  and  it  should  be  realized  that  the  information  on  it  is  as  yet  far 
from  complete.  Doubtless  this  map  will  have  to  be  revised,  and  the  only 
reason  for  publishing  it  at  the  present  time  is  the  hope  that  it  may  assist 
in  the  exploration  work  which  in  this  district  is  being  conducted  under 
many  difficulties. 
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TERMINOLOGY 

The  pre-Cambrian  rocks  of  the  Lake  Superior  region  include  a  num- 
ber of  rather  uncommon  lithological  types.  These  have  received  dis- 
tinctive names  which  are  in  fairly  general  use  throughout  the  r^on. 
Below  are  given  brief  explanations  of  some  of  the  less  well-known  rock 
terms  used  in  this  paper  as  well  as  of  more  general  rock  terms  whose 
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usage  in  this  paper  has  been  restricted  to  certain  definite  types  of  rock. 

Iron-bearing  formation  is  a  term  intended  to  include  aU  the  various 
ferruginous  rocks  which  make  up  the  iron-bearing  beds,  original  as  well 
as  altered. 

Cherty  iron  carbonate  or  cherty  siderite  is  a  light  to  dark-colored, 
dense,  fine-grained  rock,  usually  banded  and  consisting  of  interlayered 
and  intermixed  chert  and  siderite.  When  much  argillaceous  material 
occurs  in  it,  the  term  slaty  or  argillaceous  iron  carbonate  is  used.  The 
iron  in  most  of  the  iron-bearing  formations  of  the  Lake  Superior  r^on 
was  probably  originally  deposited  as  carbonate. 

Greenalite  rock  is  a  dark  green,  granular,  ferrous  silicate  rock  occur- 
ring in  the  Mesabi  district.  Greenalite  is  believed  to  be  the  original  rock 
from  which  the  ferruginous  chert  and  ore  of  the  Mesabi  district  are 
derived. 

The  term  ferrous  rock  includes  both  ferrous  carbonate  and  ferrous 
silicate  rocks  as  well  as  mixtures  of  the  two. 

Hematitic  and  limonitic  cherts  are  variegated  rocks,  consisting  of 
white,  gray,  or  pink  chert  intermixed  with  more  or  less  hematite  or 
limonite.  Commonly  the  chert  and  iron  oxide  occiu*  interlaminated, 
forming  a  banded  rock.  Often,  however,  they  are  irregularly  intermixed. 
Hematitic  and  limonitic  cherts  form  the  principal  surface  rocks  of  the 
iron-bearing  formation.  Ferruginous  chert  is  a  general  term  including 
both  hematitic  and  limonitic  cherts.  Taconite  is  a  granular  ferruginous 
chert  which  occurs  in  the  Mesabi  district  and  is  believed  to  be  derived 
from  the  oxidation  of  greenalite  rock. 

Hematitic  and  limonitic  slates  are  thinly  laminated  dark  red  to  brown 
argillaceous  rocks  heavily  impre;nated  with  hematite  or  limonite.  They 
show  distinct  banding  and  lamination  and  are  of  sedimentary  origin. 
Ferruginous  slate  is  a  general  term  used  to  include  both  hematitic  and 
limonitic  slates.  Paint  rock  is  a  term  applied  to  soft  altered  phases  of 
ferruginous  slate.  The  term  slate  is  perhaps  a  misnomer  as  applied  to 
these  rocks,  since  they  only  locally  show  slaty  cleavage.  They  are 
rather  indurated  and  metamorphosed  shales  for  which  the  term  argillite 
might  be  more  properly  used.  The  term  slate,  however,  is  in  such  gen- 
eral use  for  these  rocks  in  the  Lake  Superior  district  that  for  the  present 
it  seems  best  to  retain  it. 

Jaspilite,  or  banded  jasper,  is  a  hard,  dense,  recrystallized,  ferru- 
ginous chert.  Hematite  and  jasper  generally  occur  interbanded,  the 
former  frequently  being  in  the  specular  form. 

Magnetitic  slate,  or,  more  properly,  magnetitic  argillite,  is  a  dark,  dis- 
tinctly laminated  rock  containing  amphibole,  magnetite,  quartz,  and  other 
constituents  usually  somewhat  segr^^ted  in  parallel  bands.  It  is  a  meta- 
morphosed phase  of  the  original  iron-bearing  formation. 
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Amphibole-niagnetite  rock  is  similar  to  the  magnetitic  slate  (or  mag- 
net it  ic  argillite)  but  shows  coarser  banding  and  crystallization  and  usually 
contains  more  quartz. 

Hcmatitic  schist  is  a  daric  red,  soft,  homogeneous,  schistose  rock  which 
is  formed  by  alteration  and  impregnation  with  hematite  from  the  green 
or  gray  chloritic  schist  which  is  commonly  associated  with  the  bands  of 
iron-bearing  formation.  It  is  distinguished  from  ferruginous  slate  (or 
ferruginous  argillite)  in  showing  no  distinct  lamination  and  it  is  prob- 
ably of  igneous  origin.  The  term  paint  rock  is  applied  to  hematitic  schist 
as  well  as  to  ferruginous  slate. 

The  term  gneiss  in  this  paper  is  applied  to  banded,  metamorphosed, 
crystalline  rocks  which  have  approximately  the  composition  of  some  deep- 
seated  igneous  rock.  Usually  they  are  siliceous  in  character.  The  dis- 
tinct banding  or  lamination  is  a  requisite. 

Gneissoid  granite  is  a  granite  which  has  suffered  a  certain  amount  of 
deformation  or  recrystallization  so  that  the  ferro-magnesian  minerals 
have  a  somewhat  parallel  arrangement,  giving  the  rock  a  foliated  appear- 
ance.   It  docs  not  show  banding. 

Greenstone  is  a  general  term  applied  to  dark  green,  massive,  igneous 
rocks  which  have  suffered  alteration  so  that  the  original  character  is  not 
obvious  in  the  hand  specimen. 

Green  schist  is  a  name  given  to  dark  green  chloritic  and  amphibolitic 
rocks  with  schistose  or  slaty  texture.  Some  are  schistose  greenstones, 
while  others  may  be  metamorphosed  sediments.  The  more  obviously 
laminated  slaty  green  rocks  of  sedimentary  origin  are  usually  called 
green  slates. 

PhylHte  is  finely  crystalline  quartz-mica  schist. 

Slate  is  an  indurated  argillaceous  rock  showing  slaty  cleavage.  It  is 
usually  very  finely  crystalline. 

The  term  argillite  is  used  in  this  paper  to  denote  indurated  argillace- 
ous rocks  which  have  no  slaty  cleavage,  in  contradistinction  to  the  term 
slate.  This  usage,  however,  is  not  strictly  adhered  to  because  of  the 
general  use  into  which  the  term  slate  has  come  for  all  indurated,  argil- 
laceous rocks  in  the  I^ke  Superior  region. 

GENERAL  GEOLOGY  OF  MINNESOTA 

The  basal  rocks  of  Minnesota  consist  of  a  complex  of  granite,  gneiss, 
and  greenstone  of  Archean  age  with  some  metamorphosed  sediments. 
Lying  on  these  and  folded  into  them  are  Huronian  quartzite,  conglom- 
erate, slate,  schist,  and  iron-bearing  formation,  with  locally  crystalline 
limestone.     These  older  rocks  throughout  much  of  the  eastern  part  of 
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the  state  are  unconformably  overlain  by  rocks  of  Keweenawan  age,  con- 
sisting in  the  north  of  flows  and  intrusive  sheets  of  igneous  rocks,  both 
silicic  and  subsilicic,  and  in  the  south  of  red  clastic  sediments  associated 
with  detrital  igneous  rocks.  The  Keweenawan  rocks  also  have  suffered 
considerable  deformation  locally,  but  not  to  such  a  degree  as  the  Huronian 
rocks.  Keweenawan  and  Huronian  silicic  and  subsilicic  igneous  rocks 
intrude  older  rocks  as  dikes,  bosses,  and  sheets. 

The  pre-Cambrian  rocks  form  the  bed  rock  underneath  the  glacial 
drift  throughout  the  northeastern  part  of  the  state  and  for  a  consider- 
able distance  west  of  the  Mississippi  River.  In  the  southwestern  part 
of  the  state  also,  several  large  patches  of  pre-Cambrian  rocks  are  known 
to  lie  directly  underneath  the  glacial  drift.  In  the  southeastern  part  of 
the  state,  however,  the  pre-Cambrian  rocks  are  overlain  by  more  or  less 
flat-lying  sediments  of  Paleozoic  age,  while  throughout  most  of  the 
western  part  of  the  state  flat-lying,  slightly  consolidated,  Cretaceous  sedi- 
ments occur  overlying  the  pre-Cambrian  rocks.  The  glacial  drift  forms 
a  mantle  covering  the  different  bed  rocks  practically  throughout  the  state. 

The  accompanying  sections  show  the  general  relations  between  the 
rock  strata  in  the  southern  and  northeastern  parts  of  the  state. 

General  Section  of  Rocks  in  Southern  Minnesota  and  Western  Wisconsin^ 


Quaternary 

Recent Alluvium 

Pleistocene Glacial  till 

Cretaceous 

Benton  shale  (soft  blue  shale  and  unconsolidated  sandstone)  ) 

Dakota  sandstone  (white  sandstone,  shale,  and  red  clay)       ^ 
Devonian  (limestone  and  sandstone) 
Ordovidan 

Maquoketa  shale  (shale,  dolomite,  and  argillaceous  sandstone) 

(jalena  limestone        1 

Decorah  shale  I  (limestone  and  shale) 

Platteville  limestone  J 

St.  Peter  sandstone  (white  or  yellow  sandstone,  with  some  shale) 


Apfboximate 
Maximum 

Thickness 

575 

feet 

500 

feet 

100 

feet 

100 

feet 

350 

feet 

200 

feet 

<  Hall,  C.  W.,  Meinzer,  O.  EX,  and  Fuller,  M.  L.,  Geology  and  underground  waters  of 
southern  Minnesota:  U.  S.  Geol.  Survey  Water  Supply  Paper  356,  pp.  3i-49-    191  !• 

Hall,  C.  W.,  The  gneisses,  gabbro-schists,  and  associated  rocks  of  southwestern  Minnesota: 
U.  S,  GeoL  Survey  Bull,  tS7.    1899. 

Weidman,  S.,  and  Schultz,  A.  R.,  The  underground  and  surface  water  supplies  of  Wis- 
conain:  Wis.  GeoL  and  Nat.  Hist.  Survey  Bull.  35,  Pp.  25*43>    i9Z5> 

Winchell,  N.  H.,  Upham,  W.,  and  Harrington,  M.  W.,  (Geology  of  the  southern  counties 
of  Minnesota),  GeoL  and  Nat.  Hist.  Survey  of  Minnesota,  GeoL  of  Minnesota,  vols.  I  and  II. 
1884,  1888. 
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Prairie  du  Chien  group  ("Lower  Magneaian") 

Shakopee  dolomite  (yellow,  buff,  pink,  or  red  dolomite,  with 

sandstone  lenses) 
Oneota  dolomite  (tmflF  to  reddish  dolomite) 
(jambrian 

Upper  Cambrian 

Jordan  sandstone  (coarse-grained  white  sandstone) 

St  Lawrence  formation  (dolomite,  shale,  and  sandstone) 

Franconia  sandstone  (fine-grained  white  or  yellow  sandstone, 

with  fossils  and  some  greensand) 
Dresbach  sandstone  (heavily  bedded  coarse  sandstone) 
Ean  Claire  shale  (interbedded  shale  and  shaly  sandstone) 
Mt  Simon  sandstone  (coarse  sandstone) 
Algonkian(?) 

Keweenawan(?) 

Red  clastic  series  (red  sandstone  and  shale,  with  volcanic 
clastic  rocks) 
Algonkian 
Hnronian 

Sioux  quartrite  (red  quartzite  and  pipestone) 
Crystalline  schist  (hornblende  and  biotite  sdiists) 
Archean 

Granite,  gneiss,  and  schist 


75  feet 
JOD  feet 


50  feet 
60  feet 

160  feet 
lOD  feet 
aso  feet 
250  feet 


2,950  ^eet 


Unknown 
Unknown 

Unknown 


General  Section  of  Rocks  in  Northeastern  Minnesota  and  Adjacent  Parts  of 

Wisconsin* 


Quaternary 

Recent Alluvium 

Pleistocene Glacial  till 

Cretaceous 

Ferruginous  conglomerate 
Algonkian 

Keweenawan 

Upper  Keweenawan 

Bayfield  group  (In  older  reports  mistaken  for  Cambrian, 
Lake  Superior  sandstone) 
Chequamegon  sandstone  (red  and  white  quartz  sand- 
stone) 
Devils  Island  sandstone  (pink  and  white  sandstone) 
Orienta  sandstone  (red  and  white  sandstone) 


AVSKAGS 

ViZIMVM 

TncKMBss 


400  feet 
Small 


tfioo  feet 

300  feet 

3fioo  feet 


•Van  Hiae,  C.  R.,  and  Leith,  C  K.,  Geology  of  the  Lake  Superior  region:  U.  S.  Geol, 
Survey  Men,  S'f  PP-  118-224,  370-380.    191 1< 

Thwahea,  F.  T.,  Sandatonea  of  the  Wiaconain  coaat  of  Lake  Superior:  Wit,  G00L  mmd  Nat, 
Hist.  Survey,  Buil.  as.    191  a. 

WincheU,  N.  H.,  Upham,  W.,  Todd,  J.  E.,  and  Grant,  U.  S.  (Geology  of  the  ceatral  and 
northern  countiea  of  Minnesota),  GeoL  and  Nat.  Hist.  Survey  of  Minn.,  Ceel.  ef  Mimn,,  a  and 
4.     1888  and  1899. 
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Oronto  group 

Amnkon  formation  (red  and  green  shale  and  arkoae)  5,000  feet 
Eileen  sandstone  (red  and  white  f eldspathic  sandstone)  3,000  feet 
Freda  sandstone  (red  arkose  sandstone)  13,000  feet 

Nonesuch  shale  (black  shale)  lOO  feet 

'Xhitci^  conglomerate  1,300  feet 

Middle  Keweenawan 

Diabase  sills  and  laccoliths  Varying 

Diabase  amygdaloid,  melaphyr,  quartz  porphyrite,  and 
felsite  extrusives,  with  interlayered  conglomerate 
in  upper  part  4,000-30,000  feet 

Red  rock,  intrusive  into  Dulutfa  gabbro  and  older  rocks         

Duluth  gabbro,  laccolith  at  base  of  middle 

Keweenawan  9,500-35,000  feet+ 

Lower  Keweenawan 

Puckwunge  conglomerate  100-400  feet 

Hnronian 

Upper  Huronian  (Animilde  group) 

Virginia  ("St  Louis")  and    Rove    slates  (argillaceous, 
siliceous,  and   carbonaceous   slate,  with   lenses   of 
quartzite,  grit,  graywacke,  limestone,  and  iron-bear- 
ing formation)  Unknown 
Biwabik  and  (}unflint  formations  (iron  bearing)  600  feet 
Pokegama  quartzite  300  feet 
Lower-middle  Huronian 

Giants  Range  and  other  granites  

Knife  Lake  slate  Unknown  1  Slate  and  gray- 

Agawa  formation  (iron  bearing)  0-50  feet  V  wacke  of  Mesabi 
Ogishke  conglomerate  0-3000  feet  J  Range         3,000-5,000  feet 

Archean 

Laarentian 

(jranite  and  gneiss 
Keewatin 

Soudan  formation  (iron  bearing)  1  Greenstone,    green    schist, 

I  slate,    and    graywacke    of 
Ely  greenstone  J  Lake  of  the  Woods  region 

As  shown  by  these  sections,  the  rocks  of  Minnesota  consist  of  a  great 
series  of  pre-C^ambrian  plutonic,  volcanic,  metamorphic,  and  sedimentary 
rocks  overlain  in  places  by  a  comparatively  thin  veneer  of  Paleozoic  and 
Mesozoic  rocks  and  more  generally  by  a  thin  but  wide-spread  blanket  of 
glacial  deposits. 

The  complex  of  pre-(3ambrian  metamorphic  rocks  and  associated  in- 
trusives  is  comparatively  near  the  surface  in  the  southwestern,  central, 
and  northeastern  parts  of  the  state,  and  surface  outcrops  are  abundant  in 
many  places.  In  the  northwestern  part  also  these  rocks  are  at  no  great 
depth,  although  outcrops  are  less  common.  In  the  southeastern  part, 
however,  a  marked  depression  in  their  surface  occurs  in  the  form  of  a 
northeast-southwest  basin,  the  bottom  of  which  is  several  thousand  feet 
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below  the  general  elevation  of  the  pre-Cambrian  rock  surface  in  other 
parts  of  the  state.*  It  is  in  this  basin  that  the  Keweenawan  red  clastic 
rocks  occur,  as  well  as  the  overlying  Paleozoic  sediments. 

A  basin  probably  existed  over  part  of  this  area  before  the  Paleozoic 
sediments  were  deposited,  but  some  sinking  has  taken  place  since  that 
time.  The  original  depression  is  believed  to  have  been  caused  by  defor- 
niational  forces  resulting  in  a  tilting  to  the  southeast.  The  relief  of  the 
pre-Cambrian  surface  before  deposition  of  the  Paleozoic  sediments  was 
very  marked  and  the  present  approximately  level  pre-Cambrian  rock 
surface  in  the  northern  and  western  parts  of  the  state  is  due  to  subse- 
quent peneplanation.*  Only  locally  in  the  southwestern  part  and  beneath 
the  sedimentary  rocks  in  the  southeastern  part  is  the  old  uneven  bed  rock 
surface  preserved. 

In  southern  Minnesota  the  principal  pre-Cambrian  rocks  are  granite, 
gneiss,  Sioux  quartzite,  crystalline  schists,  and  probably  the  red  clastic 
series.  Granite  and  gneiss  are  abundantly  exposed  along  Minnesota 
River  and  at  several  localities  in  the  region  to  the  south.  Elsewhere  they 
are  generally  overlain  by  a  thin  layer  of  Cretaceous  sediments.  HalP 
states  that  wherever  the  crystalline  rocks  have  been  encountered*  under- 
neath the  Cretaceous  strata  in  drilling  they  have  been  found  to  be  pro- 
foundly decomposed.  Directly  underneath  the  Cretaceous  strata  there 
is  usually  a  layer  of  white  clay  varying  in  thickness  up  to  50  feet,  which 
grades  downward  into  decomposed  granite  or  gneiss  of  yellow,  red,  or 
gray  color.  The  Cretaceous  itself  consists  principally  of  blue  and  red 
shale  with  some  fine  white  quartz  sandstone,  products  of  decomposition 
of  the  underlying  crystalline  rocks.  This  decomposition  indicates  a  long 
period  of  erosion  previous  to  the  deposition  of  the  Cretaceous  beds  which 
probably  extended  through  the  Paleozoic  and  most  of  the  Mesozoic  era. 
That  the  residual  material  accumulated  to  such  depths  would  indicate 
that  the  land  surface  during  at  least  the  latter  part  of  the  erosion  period 
was  low  and  comparatively  level,  though  at  the  beginning  of  the  Paleozoic 
there  was  probably  considerable  relief,  as  has  already  been  stated. 

The  Sioux  quartzite  is  exposed  at  a  number  of  places  in  southwestern 
Minnesota  and  probably  forms  the  bed  rock  in  most  of  the  southwestern 
comer  of  the  state.  It  consists  largely  of  red  quartzite,  but  locally  thin 
layers  of  red  slate  (pipestone)  occur  in  it.  While  the  quartzite  is  hard 
and  indurated  and  has  suffered  some  folding,  ripple  marks  and  cross- 
bedding  are  still  visible  in  it.®     Its  relation  to  the  granite,  gneiss,  and 


•Hall,  C.  W.,  Meinzer,  O.  £.,  and  Fuller,  M.  L.,  op.  cit.  pp.  3a-33< 

*  Ibid,,  p.  33. 

*  Tbid.,  p.  49. 

*  Ibid.,  p.  3a. 
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crystalline  schists  on  the  one  hand  and  to  the  red  clastic  series  on  the 
other  band  is  not  known.  The  Sioux  quartzite  may  lie  nnconformably 
above  the  crystalline  rocks,  or  the  crystalline  rocks  may  be  in  part  in- 
trusive into  it.  Its  relation  to  the  red  clastic  series  also  is  not  determined. 
Although  apparently  much  more  indurated  and  of  somewhat  different 
composition,  it  is  not  impossible  that  it  may  be  of  the  same  age  as  the 
red  clastic  rocks.  Winchell  and  Upham^  believed  that  the  Sioux  quart- 
zite, the  red  clastic  series,  and  the  supposed  upper  Keweenawan  sediments 
south  of  Lake  Superior  (the  latter  formerly  believed  to  be  the  same 
as  the  upper  Cambrian  Lake  Superior  sandstone  of  Michigan),  are  all 
of  lower  Cambrian  age.  Hall*  on  the  other  hand  states  that  the  red 
clastic  rocks  are  the  southward  continuation  of  the  Keweenawan  of  the 
Lake  Superior  region  but  that  the  Sioux  quartzite  is  not  related  to  them. 
In  general  it  has  been  held  by  geologists  that  the  Sioux  quartzite  is  prob- 
ably of  Huronian  age. 

Hornblende  and  biotite  schist  which  are  believed  to  be  the  southwest- 
ward  continuation  of  the  Huronian  schist  and  slate  which  occur  in  east 
central  Minnesota,  have  been  encountered  in  well-drilling  in  the  western 
part  of  the  state  north  of  Minnesota  River. 

The  red  clastic  series  of  southern  Minnesota  is  only  known 
from  deep  drilling.  Outcrops  of  it  are  wanting,  the  beds  being 
ever>' where  covered  either  by  drift  or  by  a  considerable  thickness 
of  Paleozoic  sediments  ranging  in  age  from  Upper  Cambrian  to 
Devonian.  The  red  clastic  beds  consist  principally  of  red  sand- 
stone and  shale,  but  conglomerate  beds  also  occur  in  it  and  vol- 
canic clastic  material  is  found  locally.  The  finer  sediments  are  found 
mainly  in  the  upper  part.  The  series  apparently  lies  conformably  be- 
neath the  known  Upper  Cambrian  and  nnconformably  above  the  pre- 
Cambrian  crystalline  rocks.  Their  age  has  not  been  determined,  but  be- 
cause of  their  lithological  similarity  to  the  sandstone  occurring  on  the 
south  shore  of  Lake  Superior  in  Wisconsin,  which  has  recently  been  re- 
ferred to  the  upper  Keweenawan,®  it  is  supposed  that  they  are  equivalent. 
The  continuation  of  one  into  the  other,  however,  has  not  been  proven 
because  of  the  scarcity  of  exposures  in  east  central  Minnesota  and  because - 
of  the  general  similarity  between  the  red  clastic  rocks  and  the  rocks 
forming  the  lower  portion  of  the  Upper  Cambrian. 

In  northern  Minnesota  outcrops  of  pre-Cambrian  rocks  are  abundant 
in  many  places,  and  a  much  more  complex  series  of  them  has  been  found 


7  Winchell,  N.  H.,  and  Upham,  W.,  Geol.  and  Nat.  Hist.  Survey  of  Minn.,  Geol.  of  Minn. 
vol.   I,  pp.  422,  424,  and  537.    1882. 

*  Hall,  C  W.,  Meinzer,  O.  £.,  and  Fuller,  M.  L.,  op.  cit.,  p.  48. 
*Thwaites,  F.  T.,  op.  cit. 
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to  exist  than  occurs  in  the  southern  part  of  the  state.  There  are  Arcfaean 
metamorphic  and  igneous  rocks,  Huronian  intrusive  rocks,  and  metamor- 
phosed sediments,  and  Keweenawan  intrusive  and  extrusive  rodcs  and 
sediments.  These  rocks  have  been  studied  in  considerable  detail  in  sev- 
eral districts,  particularly  in  the  Mesabi  and  Vermilion  iron-ore  districts 
and  along  the  north  shore  of  Lake  Superior.^®  They  have  been  shown 
to  be  of  great  complexity  both  in  structure  and  distribution.  The  Ardiean 
rocks  are  most  abtmdant  along  the  northern  boundary  of  the  state  and 
to  the  southward  Huronian  and  Keweenawan  rocks  appear  with  increas- 
ing prominence. 

The  Archean  rocks  are  principally  Laurentian  granite  and  gneiss  and 
Keewatin  greenstone.  The  greenstone  is  either  massive  or  schistose  and 
locally  contains  metamorphosed  sediments,  such  as  iron-bearing  forma- 
tion in  the  Vermilion  district  and  slate  and  graywacke  in  the  Lake  of  the 
Woods  r^on.  In  some  localities  the  greenstone  has  suffered  so  little 
deformation  that  original  structures  are  still  dearly  visible,  while  else- 
where it  has  been  metamorphosed  to  such  an  extent  as  to  be  transformed 
into  green  chloritic  schist.  Large  and  small  masses  of  Laurentian  granite 
and  gneiss  occur  intruded  into  the  greenstone  in  the  form  of  batholiths, 
bosses,  and  dikes.  Much  of  the  granite  has  been  rendered  gneissoid  by 
later  deformation  and  recrystallization  so  that  now  great  areas  in  northern 
Minnesota  are  tmderlain  by  coarse  gneiss  and  all  gradations  from  gran- 
ite to  gneiss  occur.  In  composition  the  Laurentian  intrusives  vary  from 
granite  to  syenite  and  texturally  both  granitic  and  porphyritic  types  occur. 
Special  phases  of  the  intrusives  are  felsitic  rocks,  such  as  rhyolitic  and 
trachytic  porphsrries. 

Metamorphosed  sedimentary  rocks  of  lower-middle  Huronian  age  are 
not  very  extensively  distributed  in  northern  Minnesota.  In  the  Ver- 
milion district  this  series  is  represented  by  the  Ogishke  conglomerate, 
iron-bearing  Agawa  formation,  and  Knife  Lake  slate.  The  conglomerate 
occurs  at  the  base,  and  is  overlain  locally  by  Agawa  iron-bearing  forma- 
tion, and  above  this  is  the  Knife  Lake  slate. 

The  Ogishke  conglomerate  varies  extremely  in  thickness  in  diflFerent 
parts  of  ikhe  district.  It  has  been  thoroughly  indurated  and  locally  pro- 
nounced metamorphism  has  resulted  in  the  development  of  schistose 
phases  while  intense  folding  has  brought  about  complex  relations  between 
it  and  the  underlying  Archean.    The  materials  composing  the  conglom- 


"Van  Hiac,  C.  R.,  and  Leith,  C.  K.,  op,  «*.,  pp.  118-210. 

Leith,  a  K.,  The  Mesabi  iron-bearing  district  of  Minnesota.     U.  S.  Geol.  Sufifty,  Mon. 

43.     I903< 

aements,  J.  M.,  The  Vermilion  iron-bearing  district  of  Minnesota.    U.  5.  Gwl  Swrvey, 

Mon.  45.     1903. 
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erate  have  been  derived  from  the  underlying  Keewatin  and  Laurentian 
rocks,  pebbles  of  greenstone,  granite,  porphyry  and  jasper  being  found 
in  it. 

The  Knife  Lake  slate  covers  considerable  areas  and  is  of  great  thick- 
ness. It  includes  many  different  phases  such  as  argillaceous  slate,  biotitic, 
amphibolitic,  quartzitic,  and  sericitic  schists,  graywacke,  and  conglomer- 
ate. Its  metamorphisni  has  been  intense,  and  complex  folding  has  re- 
sulted in  the  development  of  secondary  structures,  such  as  cleavage  and 
schistosity,  throughout  the  formation. 

The  iron-bearing  Agawa  formation  occurs  as  thin  lenses  or  layers 
below  the  Knife  Lake  slate  and  above  the  Ogishke  conglomerate.  It 
consists  of  ferruginous  chert,  jasper,  and  other  iron-bearing  rocks  inter- 
bedded  with  layers  of  slate. 

In  the  Mesabi  district  the  lower-middle  Huronian  is  represented  by  a 
thick  series  of  slate,  graywacke,  and  conglomerate.  These  rocks  occur  in 
local  areas,  being  complexly  infolded  into  the  underlying  Keewatin  green- 
stone. Metamorphism  has  resulted  in  the  development  of  cleavage  and 
fissility,  and  in  the  formation  of  secondary  minerals,  such  as  sericite,  bio- 
tite,  and  chlorite.  The  conglomeratic  phases  particularly  show  the  effects 
of  metamorphism  in  the  elongation  of  pebbles  and  the  recrystallization 
and  alteration  of  minerals. 

In  general  the  lower-middle  Huronian  metamorphosed  sediments  have 
a  complex  distribution,  occurring  in  local  irregular  areas  with  intricate 
structural  relation  with  the  underlying  Archean.  In  some  localities  they 
appear  to  have  suffered  practically  as  much  metamorphism  as  the  Kee- 
watin greenstone  itself. 

The  lower-middle  Huronian  sediments  are  intruded  by  the  Giants 
Range  granite,  principally  a  pink  to  gray  hornblende  granite,  low  in 
quartz,  which  occupies  a  large  area  north  of  the  Mesabi  district.  Silicic 
intrusives  of  lower-middle  Huronian  age  are  abundant  in  many  parts  of 
the  Lake  Superior  region.  They  are  difficult  to  distinguish  from  the 
Laurentian  intrusives,  however,  and  it  is  only  in  the  more  recent  detailed 
geologic  work  in  which  the  relations  between  the  intrusives  and  the  asso- 
ciated metamorphosed  sediments  have  been  carefully  studied  that  the 
separation  has  been  possible. 

On  the  eroded  surface  of  the  Archean  and  lower-middle  Huronian 
rocks  lie  the  much  less  deformed  upper  Huronian  or  Animikie  beds.  The 
Animikie  group  in  northern  and  central  Minnesota  consists  in  general  of  a 
thick  slate  formation  at  the  base  of  which  are  comparatively  thin  layers 
of  iron-bearing  formation  and  quartzite.  The  principal  area  of  Animikie 
rocks  in  Minnesota  begins  at  the  international  boundary  near  Gunflint 
Lake  and  runs  southwestward  as  a  narrow,  discontinuous  strip  to  the 
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Mesabi  district  where  it  widens  and  spreads  out  over  most  of  east  central 
Minnesota  as  far  southward  as  Mille  Lacs  Lake.  In  the  Mesabi  district 
the  Animikie  rocks  lie  on  the  south  slope  of  the  Giants  Range  and  have 
a  gentle  dip  to  the  southeast.  The  Pokegama  quartzite  occurs  at  the  base 
of  the  group.  It  is  a  thin  but  fairly  continuous  bed  consisting  of  vitreous 
quartzite,  which  locally  gives  place  to  micaceous  quartzitic  argillite  and 
elsewhere  is  conglomeratic. 

The  iron-bearing  Biwabik  formation  which  lies  above  the  quartzite  is 
somewhat  thicker  than  the  latter  and  is  continuous  throughout  the  length 
of  the  Mesabi  district.  It  contains  various  common  phases  of  the  iron- 
bearing  formation  such  as  ferruginous  chert  of  the  form  known  as  taco- 
nite,  ferruginous  slate,  iron  ore,  greenalite  rock,  and  quartz-amphibole- 
magnetite  rock.  The  principal  part  of  the  iron-bearing  formation  consists 
of  taconite.  The  ferruginous  slate  occurs  in  this  as  layers  and  lenses 
some  of  which  are  quite  continuous  and  may  be  traced  from  mine  to 
mine.*^  Quartz-amphibole-magnetite  rock  is  found  at  the  eastern  end  of 
the  Mesabi  district  and  has  resulted  from  the  metamorphism  of  the  orig- 
inal iron-bearing  formation  by  the  Keweenawan  gabbro  intrusion.  Iron 
ore  occurs  as  local  concentrations  in  the  taconite,  while  remnants  of 
greenalite  rock  are  found  in  places  where  the  iron-bearing  formation  has 
been  protected  from  oxidation. 

The  Virginia  slate,  which  overlies  the  Biwabik  formation,  consists  of 
aiigillaceous  and  carbonaceous  slate  with  local  layers  of  siliceous  slate  and 
graywacke.  It  forms  the  main  upper  portion  of  the  Animikie  group 
throughout  east  central  Minnesota,  having  a  great  but  unknown  thick- 
ness. In  the  Mesabi  district  this  rock  is  usually  soft  and  but  slightly 
metamorphosed,  although  mica  occurs  in  it  locally.  It  shows  no  secondary 
cleavage,  being  really  an  argillite  or  indurated  shale.  South  of  the  Me- 
sabi district,  however,  along  St.  Louis  River  near  Qoquet  and  Carlton, 
the  slate,  which  in  the  past  has  been  called  "St.  Louis  slate,"  but  which 
Van  Hise  and  Leith  referred  to  as  the  Virginia  slate,  has  suflFered  meta- 
morphism and  deformation  to  a  marked  degree,  as  have  also  the  slate  and 
gametiferous  and  staurolitic  schist  exposed  along  Mississippi  River 
near  Little  Falls. 

The  schists,  slates,  and  related  rocks  of  the  Cuyuna  district  and  the  ad- 
jacent region  are  also  correlated  with  the  Virginia  slate  by  Van  Hise  and 
Leith  and  are  believed  to  be  of  upper  Huronian  or  Animikie  age.  They 
are  principally  sericitic,  biotitic,  and  chloritic  schist,  slate,  and  phyllite 
with  locally  lenses  of  black,  carbonaceous  slate  and  some  quartzite  and 


u  Wolff,  J.  F.,  Recent  geologic  developments  on  the  Mesabi  iron  ntnge,  Minnesota.    Bull. 
Amgr.  Inst.  Min.  Bngri.,  Oct.,  19x6,  pp.  x 763-1 787. 
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quartzitic  schist.  A  prominent  member  of  the  series  is  the  Deerwood 
iron-bearing  member,  which  occurs  as  layers  and  lenses  interbedded  with 
the  schist.  The  rocks  of  the  Cuyuna  district  have  been  complexly  folded 
into  a  series  of  close  anticlines  and  synclines  striking  northeast-southwest. 
The  beds  usually  have  very  steep  dips  either  to  the  southeast  or  north- 
west, while  the  pitch  of  the  folds  is  usually  very  low  so  that  frequently 
the  crests  of  the  anticlines  are  horizontal  for  long  distances.  The  rocks 
of  the  Cuyuna  district  will  be  described  in  more  detail  later. 

Overlying  the  older  rocks  in  northeastern  and  eastern  Minnesota,  and 
intruded  into  them,  are  rocks  of  Keweenawan  age.  The  oldest  of  these 
are  sedimentary  beds  supposed  to  be  of  lower  Keweenawan  age,  which 
occur  unconformably  overlying  the  Animikie  rocks  at  several  places  in 
northeastern  Minnesota.  Among  them  is  the  Puckwunge  conglomerate 
found  along  St.  Louis  River  west  of  Duluth. 

The  principal  Keweenawan  rocks  of  northern  and  eastern  Minne- 
sota are  intrusive  and  extrusive  igneous  rocks  of  middle  Keweenawan 
age.  They  form  a  large  area  extending  along  the  north  shore  of  Lake 
Superior  from  Duluth  northeasterly  into  Canada,  and  a  smaller  area  along 
the  upper  St.  Croix  River  south  of  Lake  Superior.  The  extrusive  rocks 
occurring  along  the  north  shore  of  Lake  Superior  are  mainly  diabase 
amygdaloids,  but  important  layers  of  f elsite  and  quartz  porphyrite  occur 
locally.  The  principal  intrusive  rock  is  the  Duluth  gabbro  which  forms 
an  extensive  laccolith  at  or  near  the  base  of  the  lavas.  Smaller  sills  and 
sheets  of  diabase,  such  as  the  Beaver  Bay  laccolith,  are  found  intrusive 
in  the  volcanic  rocks  at  several  horizons.  The  rocks  in  the  area  along 
St.  Croix  River  are  mainly  extrusive  rocks  of  amygdaloid  type,  asso- 
ciated with  crystalline  phases,  such  as  diabase,  and  with  beds  of  tuff  and 
volcanic  breccia.^*    Thin  layers  of  conglomerate  occur  locally. 

Sediments  of  upper  Keweenawan  age  are  abundant  along  the  south 
shore  of  Lake  Superior  extending  from  Superior  eastward  into  northern 
Michigan.  They  consist  mainly  of  red  and  white  sandstone  and  arkose 
with  increasing  shale  in  the  lower  part  and  a  thick  conglomerate  at  the 
base.  The  upper  portion  of  the  series,  recently  classed  as  the  Bayfield 
group  of  the  upper  Keweenawan,^'  has  generally  been  called  Lake  Supe- 
rior sandstone  and  included  in  the  Cambrian,**  while  the  lower  portion, 
known  as  the  Oronto  group,  has  always  been  classed  as  upper  Keweena- 
wan. Certain  of  the  formations  in  the  Bayfield  group,  extend  south- 
westward  into  Minnesota,  but  their   extent    and    distribution    are   not 


"Grout,  F.  F.,  Contribation  to  the  petrography  of  the  Keweenawan:  Jour,  Gtology,  vol. 
18,  pp.  633-657.    '910. 

"Thwaitea,  F.  T.,  op.  cit. 

MVan  Hise,  C.  R.,  and  Leith,  C.  K.,  op.  cU.,  pp.  378-379>  4x5.  616. 
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known,  due  to  lack  of  exposures.  At  some  point  east  or  southeast 
of  Mille  Lacs  Lake  they  give  place  to  the  lower  members  of  the  fos- 
sil! ferous  Upper  Cambrian  series  extending  northward  from  south- 
eastern Minnesota  and  western  Wisconsin.  This  boundary  has  not  yet 
been  located.  It  seems  probable  that  the  red  clastic  series,  which  under- 
lies the  Upper  Cambrian  rocks  in  southeastern  Minnesota,  emerges  from 
beneath  the  latter  on  going  northward  and  comes  to  the  bed  rock  surface 
in  east  central  Minnesota.  In  this  case  it  might  be  directly  continuous 
with  the  Bayfield  group  extending  southwestward  from  Lake  Superior. 

The  Paleozoic  rocks  of  southeastern  Minnesota  range  from  Upper 
Cambrian  to  Devonian  in  age."  They  consist  in  general  of  interlayered, 
comparatively  thin  beds  of  sandstone,  limestone,  and  shale.  The  upper 
beds,  such  as  the  Devonian,  are  found  only  in  the  southeastern  part  of 
the  state  while  successively  older  formations  come  to  the  bed-rock  sur- 
face on  going  northward.  Thus  the  Platteville  limestone  and  St.  Peter 
sandstone  constitute  the  principal  surface  rocks  in  the  region  adjacent 
to  St.  Paul  and  Minneapolis,  while  the  Oneota  and  Shakopee  dolomites 
and  the  upper  members  of  the  Upper  Cambrian  form  outcrops  along 
St.  Croix  River  below  Taylor's  Falls.  Above  Taylor's  Falls  various 
Upper  Cambrian  strata  occur  along  St.  Croix  River  continuing  north- 
ward until  they  give  place  to  Keweenawan  trap  rock. 

The  Paleozoic  beds  are  very  uniform  in  character.  For  this  reason 
and  because  of  the  abundance  of  fossils  in  them,  even  thin  beds  can  be 
recognized  over  great  areas.  The  lotver  portion  of  the  Paleozoic  section 
represents  a  fairly  continuous  period  of  deposition,  although  minor  un- 
conformities may  occur.**  A  marked  break,  however,  is  found  in  the 
upper  part,  for  the  Devonian  strata  rest  unconformably  on  the  eroded 
surface  of  the  Ordovician,  indicating  an  erosion  period  covering  the 
Silurian  and  part  of  the  Devonian.  The  uniformity  in  the  lithology  and 
general  character  of  the  Paleozoic  beds  over  large  areas  presents  a  strong 
contrast  to  the  pre-Cambrian  rocks  of  the  State,  which  as  a  rule  are  most 
irregular  in  their  lithology  and  stratigraphy. 

The  mantle  of  Cretaceous  rocks,  although  thin,  is  fairly  continuous 
throughout  the  western  part  of  Minnesota,  while  isolated  areas  of  various 
sizes  occur  also  in  the  eastern  part.  In  the  southern  and  western  parts 
of  the  State  these  rocks  consist  typically  of  thick  beds  of  plastic  gray-blue 
shale  associated  with  thin  beds  of  white  sandstone.*^  The  latter  occur 
mainly  in  the  upper  and  lower  parts  of  the  series.  Locally  beds  of  red 
clay  are  found. 


"  Hall,  C.  W.,  Mcinzer,  O.  E.,  and  Fuller,  M.  L.,  op.  cit.,  pp.  31-48. 
^•Ibid.,  p.  35. 
"  Ibid.,  p.  42. 
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In  the  east  central  and  northern  parts  of  the  State  isolated  patches  of 
Cretaceous  sediments  are  found  in  many  places.  In  the  Mesabi  and 
Cuyuna  districts  they  consist  mainly  of  ferruginous  conglomerate  asso- 
ciated with  argillaceous  material.  Elsewhere,  however,  as  along 
Mississippi  and  Sauk  rivers  in  the  central  part,  beds  of  slightly  consoli- 
dated calcareous  clay  and  sand  are  found. 

ROCKS  OF  EAST  CENTRAL  MINNESOTA 

PREVIOUS  GEOLOGIC  WORK 

The  first  geological  investigations  of  any  considerable  importance 
made  in  east  central  Minnesota  were  those  of  R.  D.  Irving  and  E.  T. 
Sweet  in  connection  with  similar  work  in  northern  Wisconsin.*®  The 
work  was  done  between  1873  ^"^  1879  and  consisted  in  an  examination 
of  Keweenawan  and  Huronian  rocks  adjacent  to  the  Wisconsin  bound- 
ary. In  a  report*"  published  in  1880,  Irving  stated  his  belief  that  the 
slates  occurring  along  St.  Louis  River  were  to  be  correlated  with 
the  iron-bearing  rocks  of  the  Penokee  region,  and  that  they  probably 
occupied  the  northern  limb  of  a  syncline  of  which  the  rocks  of  the 
Penokee  district  formed  the  southern  limb.  At  this  time  no  subdivision 
had  as  yet  been  made  of  the  Huronian  rocks  and  the  schists,  slates,  and 
other  metamorphosed  sediments  of  northern  and  central  Minnesota  and 
neighboring  regions  were  all  grouped  together  as  Huronian  to  distinguish 
them  from  the  overlying  Keweenawan  and  from  the  granite  and  gneiss, 
these  three  being  the  only  subdivisions  of  the  pre-Cambrian  recognized 
at  that  time. 

The  investigations  of  the  United  States  Geological  Survey  began  in 
this  region  about  1880  under  the  direction  of  R.  D.  Irving  assisted  by 
C.  R.  Van  Hise  and  W.  N.  Merriam.  Brief  reconnaissance  surveys 
were  made  in  the  early  8o's  in  central  and  northern  Minnesota  and  the 
first  general  geologic  map  of  the  Lake  Superior  region  to  be  published 
by  the  United  States  Geological  Survey  appeared  in  1883.'®  On  this 
map  the  Huronian  metamorphosed  sedimentary  rocks  of  northern  and 
eastern  Minnesota,  including  those  of  the  Vermilion  district  as  well  as 


>* Irving,  R.  D.,  The  geological  structure  of  northern  Wisconsin:  G§ol,  of  Wis.,  vol.  Ill* 
Survey  of  1873-79.  P-  x8-    1880. 

Sweet,  E.  T.,  Geology  of  the  western  Lake  Superior  district:  Ggol.  of  Wis.,  vol.  Ill, 
Survey  of  1873-79.  p.  334  ct  scq.,  1880.  » 

*»  Irving,  R,  D.,  op.  Ht. 

>*  Irving,  R.  D.,  The  copper-bearing  rocks  of  Lake  Superior:  U,  S.  Geol.  Survey  Third  Ann. 
Kept.,  x88i-i88a,  p.  i6a  and  PI.  III.    1883. 

Irving,  R.  D.,  The  copper-bearing  rocks  of  Lake  Superior:  U.  S.  Geol.  Survey  Mon.  5,  p. 
384  and  PI.  I.     1883. 
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those  occurring  along  the  Giants  Range  or  Mesabi  Range,  are  all  grouped 
with  the  Animikie  rocks  of  the  north  shore  of  Lake  Superior,  and  the 
slates  and  schists  occurring  along  St.  Lx)uis  and  Kettle  rivers  are 
connected  directly  with  the  Animikie  rocks  on  the  north  shore.  The 
Animikie  rocks  at  this  time  apparently  were  r^^arded  as  a  somewhat  less 
metamorphosed  phase  of  the  other  Huronian  rocks  without  recognition 
of  difference  in  age.  Apparently  it  was  not  then  recognized  that  the  less 
metamorphosed  rocks  of  the  Mesabi  district  are  younger  than  the  highly 
metamorphosed  slates  and  associated  rocks  of  the  Vermilion  district. 

In  a  later  report  accompanied  by  a  general  map,**  Irving  correlates 
the  "St,  Louis"  slate  with  the  slates  and  schists  occurring  along  Mis- 
sissippi River  in  the  vicinity  of  Little  Falls,  and  on  the  basis  of  this  cor- 
relation an  area  of  Huronian  metamorphosed  rocks  is  shown  in  east 
central  Minnesota  extending  from  Duluth  southwestward  to  Missis- 
sippi River,  including  the  present  Cuyuna  district  and  the  northern  part 
of  Mille  Lacs  Lake.  It  is  shown  as  being  bounded  on  the  south  and 
west  by  areas  of  granite  the  age  of  which  is  not  given,  and  on  the  north 
by  a  drift-covered  area  in  which  the  bed  rock  is  unknown.  The  area 
of  Huronian  rocks  of  east  central  Minnesota  is  not  directly  connected 
with  the  Animikie  area  extending  from  the  Giants  Range  northeastward 
along  the  north  shore  of  Lake  Superior  as  was  done  in  the  previous  re- 
port, but  the  statement  is  made  that  they  are  probably  equivalent  to  them. 

In  1888  Irving  published  a  map  of  northeastern  Minnesota**  in 
which  the  Animikie  rocks  occurring  along  the  Giants  Range  are  mapped 
as  extending  southward  into  east  central  Minnesota  without  a  break. 
On  this  map  the  metamorphosed  sediments  of  the  Vermilion  district  and 
of  the  international  boundary  are  separated  from  the  Animikie  rocks  of 
the  north  shore  of  Lake  Superior  and  of  the  Giants  Range  because  of  their 
greater  metamorphism,  but  it  is  believed  nevertheless  that  they  are  equiv- 
alent in  age,  the  difference  in  lithology  being  due  to  difference  in  the 
intensity  of  metamorphism.  The  granite  and  gneiss  of  northern  and 
central  Minnesota,  which  had  hitherto  been  left  unclassified,  are  placed 
in  the  Laurentian,  and  with  them  are  grouped  certain  green  schists  and 
mica  schists  which  were  believed  to  be  older  than  Huronian.  The  fol- 
lowing classification  of  the  pre-Cambrian  rocks  is  used.  It  is  of  interest 
because  it  is  the  forerunner  of  the  classification  used  at  present  by  the 
United  States  Geological  Survey  for  Lake  Superior  rocks. 


'^Irving,  R.  D.,  Preliminary  paper  on  an  investigation  of  the  Archean  formations  of  the 
northwestern  states:  V.  S.  Geol.  Survgy  Fifth  Ann.  Kept.,  1 883-1 8a4,  pp.  r96-i97*  1885. 

^  Irving,  R.  D.,  Classification  of  early  Cambrian  and  pre-Cambrian  formations:  17.  5.  Geol. 
Survey  Seventh  Ann.  Rept.,  1 885-1 886,  pp.  417-433-    1S88. 
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Cambrian 

Potsdam  sandstone 
Keweenawan 

Volcanic  flows  and  sediments 
Basal  intrusive  gabbro 
Huronian 

Animikie  series 

Vermilion  Lake  iron-bearing  series 
Laurentian 
Green  schists 
Mica  schists 
Granite 
In  1892,  C.  R.  Van  Hise  published  a  report  on  the  pre-Cambrian  rocks 
of  North  America,  which  contains  a  section  on  the  geology  of  the  Lake 
Superior  region.*'    A  general  table  shows  the  correlation  of  rocks  in 
different  parts  of  the  region,  the  following  subdivisions  being  used : 
Algonkian 

Keweenawan 
Upper  Huronian 
Lower  Huronian 
Archean 

Mareniscan 
Laurentian 
This  is  a  further  stage  in  the  development  of  the  classification  of 
Lake  Superior  pre-Cambrian  rocks.  As  regards  the  application  to  the 
rocks  of  northern  and  central  Minnesota,  it  is  similar  to  those  previously 
used  except  that  the  term  Archean  is  substituted  for  Laurentian,  the 
latter  term  being  restricted  to  intrusive  granite  and  gneiss,  while  a  new 
term,  Mareniscan,  is  used  to  cover  the  older  metamorphic  rocks,  such  as 
green  schists  and  mica  schists.  The  younger  metamorphosed  sediments 
(Huronian)  which  are  grouped  together  with  the  Keweenawan  under 
the  general  subdivision  Algonkian,  are  definitely  separated  into  two  series, 
the  earlier  (lower  Huronian)  including  the  metamorphosed  sediments 
of  the  Vermilion  region,  which  had  formerly  been  but  indefinitely  sep- 
arated from  the  Animikie,  and  the  later  (upper  Huronian)  including  the 
Animikie  rocks  and  "St.  Louis"  slate.  A  map  accompanying  this  discus- 
sion shows  the  general  geology  of  the  Lake  Superior  region  and  is  very 
similar  to  the  maps  previously  published.  On  it  the  "St.  Louis"  slate  is 
shown  as  extending  across  east  central  Minnesota,  including  the  present 


■Van  Hise,  C.  R.,  Correlation  papers:    Arcbean  and  Algonkian:     U.  S.  Geo!.  Survey  Bull. 
S6,  pp.  51*208.     1892. 
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Cuyuna  district  and  Little  Falls  region,  being  bounded  on  the  west  and 
south  by  granite  classified  as  Archean. 

While  this  work  was  being  done  by  the  United  States  Geological  Sur- 
vey, N.  H.  Winchell,  Warren  Upham,  and  others  of  the  Geological  and 
Natural  History  Survey  of  Minnesota,  were  also  engaged  in  extensive 
geological  investigations  in  central  and  northern  Minnesota.  The  work 
of  the  Minnesota  survey  b^an  in  1872,  but  during  the  early  years  it 
was  confined  largely  to  the  southern  part  of  the  state.  Later,  however, 
extensive  investigations  were  made  on  the  crystalline  and  metamorphic 
rocks  of  central  and  northern  Minnesota.  The  work  consisted  chiefly 
in  the  mapping  of  rock  outcrops**  in  this  region,  but  attempts  were  also 
made  by  Winchell  to  correlate  the  various  rock  formations  with  similar 
rocks  in  the  neighboring  states,  in  Canada,  and  in  New  England." 

This  resulted  in  the  adoption  of  a  somewhat  different  nomenclature 
from  that  used  by  geologists  of  the  United  States  Geological  Survey. 
The  table  on  the  following  page  shows  the  classification  of  Lake  Superior 
rocks  used  by  the  Geological  and  Natural  History  Survey  of  Minnesota, 
as  compared  with  that  used  later  in  reports  of  the  United  States  Geo- 
logical Survey.*® 

This  classification  was  partly  the  outcome  of  work  by  Winchell  in 
northern  and  eastern  Minnesota,  and  partly  of  work  by  A.  C.  Lawson  in 
the  I-ake  of  the  Woods  and  Rainy  Lake  regions  for  the  Geolc^ical  and 
Natural  History  Survey  of  Canada.*^  Not  only  does  the  nomenclature 
itself  differ  from  that  used  by  the  United  States  Geological  Survey,  but 
the  position  assigned  to  many  of  the  rock  formations  in  the  stratigraphic 
series  is  radically  different.     Perhaps  the  most  fundamental  difference 


•*  Winchell,  N.  H.,  Upham,  Warren,  and  others,  Geol.  and  Nat.  Hist.  Survey  of  Afinti., 
Geol.  of  Minn.,  vols,  a,  4,  and  6.    iSSa-igoi. 

Upham,  Warren,  Notes  of  rock  outcrops  in  central  Minnesota:  Geol.  and  Nat.  Hist.  Survey 
of  Minn.  Eleventh  Ann.  Kept.,  pp.  86-136  and  PI.  I.     i88j. 

•Winchell,  N.  H.,  The  crystalline  rocks  of  the  northwest:  Geol.  and  Nat.  Hist.  Survey 
of  Minn.  Thirteenth  Ann.  Kept.,  pp.  124-140.     1884. 

,  The  crystalline  rocks  of  Minnesota:  Geol.  and  Nat.  Hist.  Survey  of  Minn. 

Seventeenth  Ann.  Kept.,  pp.  5-74.     1888. 

The  crystalline  rocks:  Geol.  and  Nat.  Hist.  Survey  of  Minn.  Twentieth  Ann. 

Kept.,  pp.  1*38.     1 89 1. 

*"  Winchell,  N.  H.,  Note  on  the  age  of  the  rocks  of  the  Mesabi  and  Vermilion  iron  dis- 
tricts:   Geol.  and  Nat.  Hist.  Survey  of  Minn.,  Eleventh  Ann.  Rept.,  pp.  168-170.    i88a. 

Pre-Silurian   rocks  of  Minnesota:     Geol.   and  Nat.   Hist.   Survey   of  Minn., 

Ttuenty-first  Ann.  Rept.,  Table  opp.  p.  4-    i^^- 

Winchell,  N.  H.,  Upham,  Warren,  and  others,  Geol.  and  Nat.  Hist.  Survey  of  Minn., 
Geol.  of  Minn.,  vol.  6,  Geoloirical  map — frontispiece.    1900-1901. 

"  Lawson,  A.  C,  Report  on  the  geology  of  the  Lake  of  the  Woods  region,  with  special 
reference  to  the  Keewatin  (Huronian?)  belt  of  Archean  rocks:  Geol.  and  Nat.  Hist,  Survey  of 
Canada,  Ann.  Rept.  for  18S5,  vol.   t   (new  series)  pp.  5-15 1.     CC. 

,  Report  on  the  geology  of  the  Rainy  Lake  region:  Geol.  and  Nat.  Hist.  Survey 

of  Canada,  Ann.  Rept.  for  1887- 1888,  vol.  3  (new  series)  pp.  1-196  F. 

,  Lake  Superior  stratigraphy:  Am.  Geol.,  vol.  7,  pp.  330-327.    1891. 
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in  the  two  classifications  is  that  the  entire  "Taconic  series"  is  classed  as 
Paleozoic  by  Winchell,  being  regarded  as  analogous  to  the  so-called 
Taconic  rocks  of  New  England.  The  rest  of  the  crystalline  and 
metamorphic  rocks  are  classed  as  Archean,  no  Algonkian  being  rec- 
ognized. There  is  no  distinction  made  by  Winchell  and  Lawson  between 
the  rocks  of  the  lower  Huronian  and  those  of  the  Keewatin,  all  being 
grouped  together  under  the  term  Keewatin,  while  the  Vermilion  series 
included  the  Coutchiching  rocks  of  Lawson,  as  well  as  various  other 
crystalline  schists  of  northern  and  central  Minnesota.  In  this  group, 
which  Winchell  at  first  designated  as  Montalban,  were  placed  the  gar- 
netiferous  and  staurolitic  schist  found  along  Mississippi  River  near 
Little  Falls,  as  well  as  certain  gneisses  occurring  in  Morrison  County  east 
of  Little  Falls.  The  Animikie  of  Winchell  included  the  original  Animikie 
rocks  on  the  north  shore  of  Lake  Superior,  the  iron-bearing  series  of  the 
Mesabi  district,  and  the  slates  occurring  along  St.  Louis  River,  but 
did  not  include  the  slates  and  schists  of  the  Kettle  River  region,  these 
being  classed  by  Winchell  as  Keewatin  on  account  of  their  greater  meta- 
morphism. 
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The  slate,  graywacke,  and  schist  of  St.  Louis  and  Kettle  rivers,  and 
of  the  Little  Falls  region,  which  were  all  believed  by  geologists  of  the 
United  States  Geological  Survey  to  be  of  approximately  the  same  age, 
were  not  so  r^[arded  by  Winchell,  who  grouped  them  under  three  dif- 
ferent subdivisions,  the  more  highly  metamorphosed  rocks  being  placed 
in  the  Archean  and  the  less  highly  metamorphosed  ones  in  the  Taconic. 

In  1894,  J.  E.  Spurr  published  an  article  on  the  so-called  "Thomson" 
or  "St.  Louis"  slate*'  in  which  he  brings  forth  various  argimients  why 
these  slates  should  be  classed  as  "Keewatin  (lower  Huronian)"  rather 
than  as  Animikie  (upper  Huronian)  as  had  been  done  hitherto.  He  bases 
his  argimients  chiefly  on  the  lithological  similarity  of  the  "St.  Louis"  slate 
with  what  he  calls  "Keewatin  (lower  Huronian)"  rocks  of  the  Mesabi 
district,  and  on  the  fact  that  secondary  structures,  such  as  cleavage,  seem 
to  indicate  that  they  suffered  deformation  by  the  same  dynamic  forces. 
In  his  paper  the  slates  and  schists  of  the  Kettle  River  region  and  of  the 
Little  Falls  region  are  also  classed  as  "Keewatin  (lower  Huronian)" 
and  are  believed  to  be  directly  continuous  with  the  "St.  Louis"  slate. 

The  first  general  report  of  the  United  States  Geological  Survey  on 
the  iron  ores  of  the  Lake  Superior  region  was  published  in  1901.**  It 
contains  a  short  discussion  of  the  general  stratigraphy  of  the  Lake  Supe- 
rior region,  and  more  detailed  descriptions  of  the  geology  of  the  Ver- 
milion and  Mesabi  districts.  The  classification  of  the  rocks  is  similar  to 
that  in  present  use,  with  the  exception  that  the  middle  Huronian  had  not 
yet  been  recognized.  The  general  terms  Archean  and  Algonkian  are 
used.  The  Archean  includes  the  greenstones,  various  schists,  and  asso- 
ciated iron-bearing  formation  as  well  as  the  older  granites  and  gneisses. 
The  Algonkian  is  divided  into  (i)  lower  Huronian,  which  includes  vari- 
ous highly  metamorphosed  sediments  of  the  Vermilion  and  Mesabi  dis- 
tricts, (2)  upper  Huronian,  which  includes  the  iron-bearing  rocks  of  the 
Mesabi  district  and  of  the  Gunflint  area,  and  (3)  Keweenawan,  under 
which  are  grouped  various  later  igneous  and  sedimentary  rocks.  It  is 
recognized  that  not  all  the  silicic  igneous  rocks  of  the  region  are  Archean 
in  age,  but  that  later  intrusive  rocks  occur  such  as  the  lower  Huronian 
granite  of  the  Giants  Range.  No  special  reference  is  made  to  the  slates 
and  schists  of  eastern  and  central  Minnesota. 

Various  monographs  of  the  United  States  Geological  Survey  describ- 
ing the  iron  ores  of  the  Lake  Superior  region,  which  were  published 
between  1892  and  1900,  contain  discussions  of  the  general  geolc^  of  the 


"Spurr,  J.  E.,  The  stratigraphic  position  of  the  Thomson  slates:  Amer.  Jour.  Set.,  3d 
aer.,  vol.  148,  pp.  159-166.    1894. 

*Van  Hise,  C.  R.,  The  iron-ore  deposits  of  the  Lake  Superior  region:  U.  S.  Geol.  Survey, 
Twenty-first  Ann.  Rept,,  pt.  3,  pp.  307-434.    1901. 
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r^on,  but  the  first  ones  which  dealt  directly  with  the  geology  of  Minne- 
sota were  the  monographs  on  the  Vermilion  and  Mesabi  iron-ore  dis- 
tricts*® which  appeared  in  1903. 

In  the  monograph  on  the  Vermilion  district,  the  various  intensely 
metamorphosed  Huronian  rocks  of  northern  Minnesota  are  classified 
tinder  subdivisions  of  the  lower  Huronian,  while  the  greenstone,  green 
schist,  and  associated  iron-bearing  formation  are  placed  in  the  Keewatin 
series  of  the  Archean.  Silicic  intrusives  of  two  ages  are  recognized,  those 
north  of  the  Vermilion  district  being  mapped  as  Laurentian,  while  those 
south  of  the  district  are  mapped  as  lower  Huronian."*  The  crystalline 
and  metamorphic  rocks  of  northern  Minnesota  were  thus  definitely  cor- 
related with  similar  rocks  in  northern  Wisconsin  and  Michigan  described 
in  the  earlier  monographs. 

In  the  monograph  on  the  Mesabi  district,  the  iron-bearing  rocks  are 
classed  as  upper  Huronian  while  certain  metamorphosed  slates  and  gray- 
wackes  included  in  the  Archean  by  Winchell,  Grant,  and  Spurr**  of  the 
Minnesota  survey,  are  included  in  the  lower  Huronian.  The  Giants 
Range  granite  is  classified  as  lower  Huronian,  while  a  supposedly  later 
granite,  the  Embarrass  granite,  believed  to  be  intrusive  into  the  upper 
Huronian,  is  included  in  the  Keweenawan. 

An  interesting  discussion  in  the  report  deals  with  a  possible  connec- 
tion between  the  upper  Huronian  rocks  of  the  Mesabi  district  of  Minne- 
sota and  those  of  the  Penokee-Gogebic  district  of  Michigan  and  Wis- 
consin."* It  is  accompanied  by  a  map  showing  the  hypothetical  course 
of  a  possible  iron-bearing  belt  extending  southwestward  from  the  western 
end  of  the  Mesabi  district  for  some  distance  and  then  turning  and  run- 
ning eastward  through  the  present  Cuyuna  district  almost  to  Duluth,  at 
which  point  it  again  turns,  and  after  running  southwestward  for  a  con- 
siderable distance,  makes  several  more  turns  and  then  connects  with 
the  western  end  of  the  Penokee-Gogebic  iron-bearing  belt.  The  existence 
of  such  a  connecting  belt  was  based  on  the  similarity  in  lithology  and 
succession  of  the  rocks  of  the  Mesabi  district  with  those  of  the  Penokee- 
Gogebic  district,  while  its  general  trend  was  suggested  by  the  structure 
of  the  Lake  Superior  syclinorium  and  by  a  number  of  scattered  rock 


*^ Clements,  J.  M.,  The  Vermilion  iron-bearing  district  of  Minnesota:  U.  S.  Geo!.  Survey , 
Mon.  45.    1903. 

Leith,  C.  K.,  The  Mesabi  iron-bearing  district  of  Minnesota:  U.  S.  Geol.  Survey,  Mon. 
43.    X903. 

■^  Clements,  J.  M.,  op.  cit.,  pp.  33  and  275-395. 

"Grant,  U.  S.,  and  Winchell,  N.  H.,  (Detailed  geology  of  areas  in  northeastern  Minne- 
sota), Geol,  and  Nat.  Hist.  Survey  of  Minn.,  Geol.  of  Minn.,  vol.  4,  1896-. 898,  pp.  34^*580.    1899. 
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outcrops.  Its  course  through  the  Cuyuna  district  was  determined  by 
certain  quartzite  exposures  near  Dam  Lake  three  miles  south  of  the  town 
of  Kimberly,  which  are  identical  in  lithology  with  the  Pok^^ma  quart- 
zite of  the  Mesabi  district.  On  the  shore  of  I-ong  Lake,  southwest  of 
Dam  I^ke,  are  outcrops  of  subsilicic  igneous  rocks  which  were  presumed 
to  be  equivalent  to  the  Archean  greenstone  of  the  Mesabi  district  and 
to  underlie  this  quartzite.  Variations  in  magnetic  attraction  had  been 
reported  at  various  times  from  localities  in  Crow  Wing  and  Aitkin  coun- 
ties, and  these  were  considered  as  additional  evidence  for  drawing  the 
supposed  iron-bearing  belt  through  the  Cuyuna  district.  Leith  at  this 
time,  following  Spurr,'*  supposed  that  the  slate  outcrops  at  Carlton  and 
Cloquet  and  at  Little  Falls  were  of  lower  Huronian  age,  and  believed 
that  they  were  southwest  of  the  iron-bearing  belt  and  within  the  area 
of  the  underlying  lower  Huronian  and  Archean.  In  the  latter  were  in- 
cluded also  the  granite  outcrops  occurring  at  Staples,  St.  Cloud,  and  at 
various  places  west,  south,  and  southeast  of  Mille  Lacs  Lake. 

In  more  recent  reports  on  the  geology  of  the  Lake  Superior  district 
by  Van  Hise  and  Leith,*'  prepared  since  the  discovery  of  iron-bearing 
formation  and  iron  ore  in  the  Cuyuna  district,  the  slates  and  schists  of 
east  central  Minnesota  are  all  classified  as  upper  Huronian  and  are  cor- 
related with  the  Virginia  slate  of  the  Mesabi  district.  The  slates  occur- 
ring along  St.  Louis  and  Kettle  rivers,  the  schists  and  associated 
metamorphosed  rocks  of  the  Cuyuna  district,  and  the  slates  and  schists 
found  along  Mississippi  River  near  Little  Falls  are  all  believed  to  be 
more  or  less  equivalent.  The  iron-bearing  formation  of  the  Cuyuna  dis- 
trict is  called  the  Deerwood  iron-bearing  member  and  is  described  as 
occurring  in  beds  and  lenses  in  the  lower  part  of  the  Virginia  slate.  The 
base  of  the  slate,  however,  is  not  known  anywhere  in  eastern  or  central 
Minnesota,  so  that  the  underlying  formations,  whatever  they  may  be, 
have  not  been  discovered.  The  granite,  gneiss,  and  other  igneous  rocks 
of  central  Minnesota  which  had  previously  been  regarded  as  lower 
Huronian  or  Archean,  are  in  this  report  classified  as  Keweenawan  on 
account  of  their  supposed  intrusive  relation  to  the  upper  Huronian  slates. 

Outside  of  east  central  Minnesota  but  few  changes  were  made  in  the 
classification  of  the  rocks.  The  Giants  Range  granite,  however,  and 
various  highly  metamorphosed  sediments  of  the  Mesabi  and  Vermilion 
districts  which  had  hitherto  been  included  in  the  lower  Huronian  are  re- 
classified as  lower-middle  Huronian  to  correspond  with  the  lower  and 
middle  Huronian  of  northern  Michigan. 


**  Spurr,  J.  E.,  The  stratigraphic  position  of  the  Thomson  slates:  Amer.  Jour.  Set.,  3d  ser., 
vol.  1481  PP*  159-166.    1894. 

*  Van  Hise,  C.  R.,  and  Leith,  C.  K.,  The  geology  of  the  Lake  Superior  region:  U,  S.  Giol. 
Survey,  Man.  52,  pp.  211-324.    191 1. 

Pre-Cambrian  rocks  of  North  America:   U.  S.  Gtol. 

Survey  Bull.   360,  pp.    196-252.     1909. 
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GENERAL  DISTRIBUTION  AND  LITHOLOGY  OF  THE  ROCKS 

A  heavy  mantle  of  glacial  till  covers  the  older  ro<:ks  throughout  east 
central  Minnesota,  obscuring  their  distribution  and  their  relations  to 
each  other.  Only  here  and  there  isolated  masses  of  the  underlying  rocks 
project  up  through  it.  Such  projections  are  mainly  of  harder  rock,  which 
formed  hills  and  ridges  above  the  general  level  of  the  surface  on  which 
the  glacial  material  was  deposited.  Locally  also  the  rivers  have  cut  down 
through  the  glacial  drift  and  exposed  the  underlying  rock.  Outcrops  of 
bed  rock  are  closely  spaced  in  parts  of  Stearns,  Sherburne,  Benton,  Mor- 
rison, Mille  Lacs,  Kanabec,  Pine,  and  Carlton^**  counties,  but  in  other 
counties,  among  them  Crow  Wing,  Todd,  Cass,  and  Aitkin,  rock  ex- 
posures are  either  entirely  lacking  or  are  relatively  rare. 

In  the  east  central  part  of  Minnesota,  as  has  been  mentioned,  the 
bed  rock  consists  mainly  of  ancient  metamorphosed  pre-Cambrian  rocks. 
Paleozoic  and  Mesozoic  rocks  do  not  cover  large  areas.  Probably  they 
never  extended  over  the  entire  area  and  where  they  were  deposited  they 
were  nearly  everywhere  removed  by  erosion  before  the  advent  of  the 
glacial  epoch.  Some  Paleozoic  rocks,  however,  occur  in  the  area  traversed 
by  the  lower  courses  of  St.  Croix  and  Rum  rivers,  and  outliers  of  ^leso- 
zoic  sediments  are  present  in  many  places  in  the  region  traversed  by 
Mississippi  River. 

The  boundary  between  the  pre-Cambrian  rocks  on  the  west  and  north- 
west and  the  Paleozoic  rocks  on  the  east  and  southeast,  trends  a  little 
east  of  north  through  the  south  central  part  of  the  State,  and  continuing 
northward  crosses  Mississippi  River  into  the  southeastern  part  of  Sher- 
burne County.  From  there  the  boundary  continues  in  the  same  general 
northeast  direction  to  the  upper  St.  Croix  River,  but  its  location  has  not 
been  definitely  established.  As  already  stated,  the  Keweenawan  sedi- 
ments which  extend  southwestward  from  the  west  end  of  Lake  Superior 
are  very  similar  lithologically  to  the  sediments  forming  the  lower  part 
of  the  Paleozoic,  and  have  not  as  yet  been  separated  from  them  in  this 
region.  Fossiliferous  Paleozoic  sediments  have  been  identified  as  far 
north  as  the  southern  part  of  Pine  County,  while  sediments  classed  as 
upper  Keweenawan'^  are  definitely  known  as  far  south  as  the  southern 
part  of  Carlton  County,  and  probably  they  extend  some  distance  farther. 
Numerous  outcrops  of  red,  pink,  and  white  sandstone  occur  in  eastern 
Kanabec  and  western  Pine  counties,  but  since  fossils  have  not  been  found 


••Hall,  C.  W.,  Keewatin  area  of  eastern  and  central  Minnesota:  Geot.  Soc.  America  Bull. 
vol.  12,  pp.  343-376.    1 901. 

Upham,  Warren,  Notes  on  rock  outcrops  in  central  Minnesota:  Geol.  and  Xat.  Hist,  Sur- 
vey of  Minn,,  Eleventh  Ann.  Kept.,  pp.  86-136  and  PI.  I.    1882. 

•^Thwaites,  F.  T.,  Sandstones  of  the  Wisconsin  coast  of  Lake  Superior:  IVis,  Geol.  and 
Nat.  Hist,  Survey  Bull,  z^i,    1912. 
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at  any  of  these  localities  it  has  not  been  possible  to  determine  the  age  of 
these  rocks.  There  is  thus  in  east  central  Minnesota  an  area  of  sand- 
stone of  undetermined  age  between  the  northernmost  known  Paleozoic 
sediments  and  the  southernmost  known  sediments  of  supposed  upper 
Keweenawan  age. 

The  Paleozoic  sediments  in  the  southern  part  and  the  Keweenawan 
sediments  and  igneous  rocks  in  the  northern  part  of  east  central  Minne- 
sota form  the  eastern  margin  of  an  extensive  area  of  pre-Cambrian 
metamorphosed  sediments  and  igneous  rocks.  On  the  west,  these  older, 
metamorphosed  rocks  are  covered  by  nearly  flat-lying,  partly  consolidated 
Cretaceous  sediments.  The  eastern  limit  of  the  main  Cretaceous  area  is 
west  of  Mississippi  River.  The  boundary  is  a  very  irregular  one,  patches 
of  Cretaceous  rock  occurring  in  many  places  within  the  area  of  older 
rocks  both  east  and  west  of  Mississippi  River. 

The  following  is  a  tentative  section  of  the  rocks  of  east  central  Minne- 
sota, essentially  that  employed  by  the  United  States  Geological  Survey.** 

Section  of  Rocks  for  East  Central  Minnesota 
Quaternary 
Recent 

Alluvium 
Pleistocene 

Late  Wisconsin  till 
Early  Wisconsin  till 

Cretaceous 

Yellow  and  gray  clay  and  sand,  in  part  calcareous 
Ferruginous  conglomerate 
Cambrian 

Upper  Cambrian 

Sandstone  and  shale 
Algonkian 

Keweenawan 

Intrusives.    Granite,  syenite,  diorite,  diabase,  and  gabbro 
Pink  and  red  sandstone  and  arkose 
Volcanic  flows.    Amygdaloid,  tuff,  breccia,  and  diabase 
Huronian 

Upper  Huronian  (Animikie  group) 

Virginia  slate  (including  "St  Louis"  slate  and  slates  and  schists  of 
Cuyuna  Range  and  Little  Falls  area)^uartzitic,  carbonaceous, 
micaceous,  chloritic,  amphibolitic,  gametiferous,  and  staurolitic 
schist  and  slate  with  lenses  of  graywacke,  quartzite,  grit,  limestone, 
and  Deerwood  iron-bearing  member,  with  which  are  associated 
masses  of  metamorphosed  subsilicic  igneous  rocks 


■  Van  Hise,  C.  R.,  and  Leith,  C.  K.,  The  geology  of  the  Lake  Superior  region:  U,  S.  G0OI, 
Survey  Mon.  52*  PP-  595*6^6  and  2iz-aa4.    191 1. 
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Lower-middle  Huronian  (possibly  present) 

Granite  (equivalent  to  Giants  Range  granite) 
Archean  (possibly  present) 

Granite  and  gneiss 

No  rocks  of  undoubted  Archean  age  occur  in  east  central  Minnesota. 
There  are,  however,  in  Cass,  Todd,  Morrison,  Steams,  Sherburne,  Ben- 
ton, Mille  Lacs,  Kanabec,  Aitkin,  and  Pine  counties,  numerous  outcrops 
of  granite  and  gneiss  the  age  of  which  has  not  been  definitely  determined. 
Some  of  the  granite  in  the  eastern  part  of  this  area  is  intruded  into  schist 
believed  to  be  of  upper  Huronian  age  and  is  therefore,  post-upper 
Huronian.  Other  granites,  especially  those  in  the  western  part  of  the 
area,  give  some  indication  of  being  lithologically  and  areally  related  to  the 
lower-middle  Huronian  Giants  Range  granite  of  the  Mesabi  district. 

Besides  these,  however,  there  are  many  outcrops  of  coarse  gneissoid 
granite,  banded  gneiss,  and  augen-gneiss  which  resemble  the  Archean 
rocks  more  closely  than  any  of  the  later  intrusives.  Banded  gneisses  and 
gneissoid  granites  are  prominently  exposed  on  Hillman  Creek  and  Skunk 
River  in  Morrison  County,  on  Rum  River  in  Mille  Lacs  County,  and 
along  the  Minneapolis,  St.  Paul,  and  Sault  Ste.  Marie  Railway  west  of 
Dcnbam  and  elsewhere  in  Pine  County.  Augen-gneiss  occurs  in  a  series 
of  outcrops  near  McGrath  and  Arthyde  in  Aitkin  County,  and  near  Den- 
ham  in  Pine  County. 

Outcrops  of  subsilicic  igneous  rocks  are  also  found  in  east  central 
Minnesota,  but  less  abundantly  than  those  of  silicic  rocks,  and  most  of 
them  represent  intrusions  into  the  upper  Huronian  schists.  They  are, 
therefore,  probably  related  to  the  subsilicic  intrusives  of  Keweenawan 
age  which  occur  so  abundantly  north  and  south  of  Lake  Superior.  In 
a  number  of  places,  however,  outcrops  of  subsilicic  rock  occur  of  which 
the  relationship  is  not  clear.  This  is  especially  true  of  the  diabase  and 
diorite  exposures  occurring  .along  the  shores  of  Long  Lake  in  Aitkin 
County  and  at  various  localities  in  Carlton  County.  Winchell**  cor- 
related the  rocks  cropping  out  at  Long  Lake  with  the  Keewatin  green- 
stone of  the  Vermilion  district  in  northern  Minnesota,  while  Van  Hise 
and  Leith*®  have  classified  them  as  Keweenawan.  Recent  exploration  in 
the  Cuyima  district,  however,  has  shown  that  similar  rocks  occur  both 
intrusive  into  and  interbedded  with  upper  Huronian  schists  in  this  dis- 
trict. It  has  been  found  also  that  many  of  these  rocks  have  suffered  con- 
siderable dynamic  metamorphism.  Therefore  it  seems  probable  that 
subsilicic  rocks  of  upper  Huronian  as  well  as  Keweenawan  age  occur  in 


••WinchcU,  N.  H.,  The  Guyana  iron  range*  Econ.  Geology,  vol.  a,  pp.  s^S-S?'.    1907. 
M  Vaxk  Hise,  C  R.,  and  Leith,  C  K.,  op.  cU.,  PI.  I. 
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east  central  Minnesota,  but  the  existence  of  Archean  subsilicic  igneous 
rocks  in  this  region  seems  doubtful. 

There  is  thus  considerable  uncertainty  as  to  whether  Archean  rocks 
are  found  in  east  central  Minnesota.  Since,  however,  the  age  of  most 
of  the  silicic  igneous  rocks  in  this  region  has  not  been  determined  and 
since  rocks  similar  to  those  which  exist  here  are  known  to  occur  in  the 
areas  of  Archean  rocks  in  the  southwestern  and  northern  parts  of  the 
state,  it  does  not  seem  improbable  that  some  of  the  silicic  intrusive  rocks 
of  east  central  Minnesota  are  of  Archean  age. 

No  rocks  of  known  lower  or  middle  Huronian  age  have  been  found 
in  east  central  Minnesota.  The  granite  outcrops  of  Cass  and  Todd  coun- 
ties, which  will  be  described  later,  present  certain  similarities,  however, 
to  the  Giants  Range  granite  of  the  Mesabi  district  and  may  be  continu- 
ous with  it.  This  view  is  supported  by  the  fact  that  granite  has  been 
encountered  in  drilling  at  several  localities  between  the  western  end  of 
the  Mesabi  district  and  the  Cass  and  Todd  county  outcrops.  Among  the 
other  outcrops  of  silicic  igneous  rocks  of  undetermined  age  in  east  central 
Minnesota  many  may  be  of  lower-middle  Huronian  age  as  well. 

The  most  interesting  rock  exposures  of  east  central  Minnesota  as 
regards  structure  and  correlation  are  those  of  metamorphosed  sediments 
which  occur  in  various  parts  of  the  region  and  which  have  been  classed 
as  upper  Huronian  or  Animikie  in  age.  The  most  important  of  these 
are  the  slate,  graywacke,  phyllite,  and  mica  schist  outcrops  occurring  along 
St.  Louis  and  Kettle  rivers  in  Carlton  and  northern  Pine  counties,  the 
quartzite  outcrops  at  Dam  Lake,  south  of  Kimberly,  Aitkin  County,  and 
the  slate,  phyllite,  and  mica,  staurolite  and  chlorite  schist  outcrops  occur- 
ring along  Mississippi  River  and  a  few  of  its  branches  in  Morrison  County. 
Drilling  and  mining  operations  in  the  Cuyuna  iron-ore  district  have  shown 
the  presence  of  an  extensive  area  of  metamorphic  rocks,  covered  by  gla- 
cial drift  in  central  Crow  Wing  and  western  Aitkin  counties.  Most  of 
the  metamorphosed  rocks  which  have  been  found  in  east  central  Minne- 
sota are  of  sedimentary  origin,  but  some  of  them  have  a  structure,  dis- 
tribution, and  general  character  that  strongly  suggest  an  igneous  origin. 

The  outcrops  in  Carlton  and  Pine  counties  consist  mainly  of  slate, 
graywacke,  phyllite,  and  mica  and  hornblende  schists.  Slate,  graywacke, 
and  phyllite  occur  in  the  northern  part,  at  Carlton  and  Cloquet,  while  to 
the  south  phyllite  and  coarse  mica  schist  occur  near  Moose  Lake  and 
northeast  of  Denham,  and  hornblende  schist  is  found  at  several  localities 
along  Kettle  River  west  of  Moose  Lake.  South  of  Denham,  near  the 
southern  edge  of  the  main  region  of  metamorphosed  sediments,  there 
occurs  a  series  of  interbedded  mica  ^nd  amphibole  schist,  quartzite,  grit, 
and  crystalline  limestone  which  is  bounded  on  the  south  by  an  extensive 
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area  of  gneiss.  The  strike  of  the  sedimentary  structures  throughout  this 
r^on  is  approximately  east  and  west,  while  the  dips  vary  on  each  side  of 
vertical. 

The  detailed  work  on  the  outcrops  of  Pine  and  Carlton  counties  is  not 
yet  completed  and  the  general  structure  has  not  been  definitely  deter- 
mined. The  rocks  appear  to  lie  in  a  series  of  east-west  trending  folds 
with  horizontal  or  slightly  eastward  or  westward  pitching  axial  lines. 
Probably  the  predominating  pitch  of  the  folds  is  to  the  east  indicating 
that  to  the  west  rocks  of  lower  stratigraphic  horizons  may  be  expected 
to  occur.  The  largest  folds  fotmd  up  to  the  present  have  a  width  of 
several  miles  and  numerous  minor  folds  down  to  fine  crenulations  occur 
on  their  limbs. 

The  quartzite  outcrops  at  Dam  Lake  consist  of  light  gray  to  pink 
quartzite.  They  show  no  bedding  or  secondary  structures  by  which 
their  relation  to  the  other  rocks  of  central  Minnesota  might  be  determined. 

The  schist  and  slate  outcrops  along  Mississippi  River  grade  from 
finely  micaceous  slate  and  phyllite  near  Little  Falls  to  coarsely  crystal- 
line, gametiferous  and  staurolitic  biotite  schist  in  the  southern  part  of 
Morrison  County.  Where  it  is  possible  to  distinguish  the  bedding  as  at 
the  mouth  of  Little  Elk  River,  and  at  Little  Falls,  the  strike  of  the  rocks 
is  in  general  northeast-southwest.  The  dips  vary  due  to  undulatory 
folding. 

Northwest  of  Little  Falls  near  Randall  several  areas  of  outcrops  con- 
sisting of  chloritic  schist  occur  not  far  from  Little  Elk  River,  8  to  10 
miles  above  its  mouth.  These  rocks  have  the  same  strike  as  the  slate 
beds  of  Little  Falls,  and  apparently  form  a  belt  rtmning  parallel  to  and 
northwest  of  the  slate  belt. 

No  connection  has  been  demonstrated  between  the  slate  and  mica  schist 
near  Little  Falls  and  that  occurring  near  Carlton  and  Moose  Lake.  As 
they  are  found  approximately  along  the  same  general  line  of  strike,  how- 
ever, it  is  possible  that  they  may  be  continuous.  This  view  is  somewhat 
strengthened  by  the  fact  that,  in  recent  exploration  work  in  the  Cuyuna 
district,  the  chloritic  schist  occurring  at  Randall  has  been  shown  to  con- 
tinue northeastward  through  Crow  Wing  County  and  for  some  distance 
into  Aitkin  County.  If  the  slate  and  mica  schist  belt  follows  along  parallel 
to  the  chloritic  schist  belt  and  southeast  of  it,  as  might  be  expected,  this 
would  bring  it  to  within  a  comparatively  short  distance  of  the  exposures 
at  Moose  Lake  and  Carlton.  Drilling  in  T.  45N.,  R.  24W.,  about  10 
miles  east  of  the  north  end  of  Mille  Lacs  Lake  has  shown  the  presence 
of  mica  schist  in  this  intervening  area. 

The  relation  of  the  slate,  phyllite,  and  schist  of  east  central  Minne- 
sota to  the  Virginia  slate  in  the  Mesabi  district  has  not  been  determined. 
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As  regards  the  metamorphism  and  deformation  which  they  have  suffered, 
the  contrast  between  them  is  great.  While  the  Virginia  slate  has  a  gentle 
dip  to  the  south  and  shows  little  or  no  secondary  cleavage,  being  practi- 
cally an  indurated  shale,  the  slate  and  schist  of  east  central  Minnesota 
have  been  closely  folded  and  highly  metamorphosed  so  that  cleavage  is 
developed  throughout,  and  locally  the  mineral  constituents  have  been 
coarsely  recrystallized.  Van  Hise  and  Leith,  however,  believe  that  the 
Virginia  slate  continues  southward  from  the  Mesabi  district  into  east  cen- 
tral Minnesota  where  it  is  represented  by  these  metamorphosed  phases. 
But  since  no  rock  outcrops  are  known  for  at  least  40  miles  south  of  the 
Mesabi  district,  certain  correlation  is  difficult.  It  is  not  impossible  that 
the  schist  and  slate  of  east  central  Minnesota  are  of  middle  or  lower 
Huronian  age.  In  their  general  character  and  in  the  deformation  which 
they  have  suffered  they  resemble  the  older  rocks  very  closely. 

The  metamorphosed  sediments  have  been  intruded  by  both  silicic  and 
subsilicic  igneous  rocks  in  many  parts  of  east  central  Minnesota.  Sub- 
silicic  rocks,  such  as  gabbro,  diabase  and  diorite,  are  especially  common  in 
the  western  portion.  Silicic  rocks  such  as  biotite  granite,  occur  more 
abundantly  in  the  eastern  portion.  The  igneous  rocks  are  in  the  form  of 
dikes,  bosses,  and  irregular  masses.  Since  the  metamorphosed  sediments 
are  believed  to  be  of  upper  Huronian  age,  these  intrusives  have  been 
designated  as  Keweenawan.  They  are  believed  to  be  the  vents  through 
which  were  poured  out  the  lavas  that  at  present  occupy  the  valley  of  the 
upper  St.  Croix  River  and  which  in  former  times  probably  extended 
westward  over  a  considerable  portion  of  east  central  Minnesota. 

There  are  a  number  of  localities  in  east  central  Minnesota  where  sub- 
silicic  igneous  rocks  which  have  suffered  considerable  dynamic  metamor- 
phism occur.  These,  as  has  been  mentioned,  are  believed  to  be  older 
than  Keweenawan,  being  associated  with  the  upper  Huronian  metamor- 
phosed sediments  and  probably  representing  contemporaneous  flows  or 
slightly  younger  intrusive  masses.  They  have  been  deformed  and  meta- 
morphosed with  the  associated  sediments. 

The  Keweenawan  rocks  occuring  along  the  upper  St.  Croix  River  are 
mainly  of  the  subsilicic  extrusive  type,  including  diabase,  diabase  amygda- 
loid, tuff,  and  breccia.**  Interlayered  with  these  are  local  beds  of  con- 
glomerate.    A  general  characteristic  of  the  lava  beds  is  that  each  bed 


^  Groutp  F.  F.,  Contributions  to  the  petrography  of  the  Keweenawan :  Jour,  Geology,  vol. 
18,  pp.  633-657.     1910. 

Hall,  C.  W.,  Keweenawan  area  of  eastern  Minnesota:  Bull.  Ceol.  Soc.  America,  to!.  la, 
pp.  3 » 3-343.     1 90 1. 

Bcrkey,  C.  P.,  Geology  of  the  St.  Croix  dalles:  Amer.  GeoL,  vol.  ao,  pp.  345*383,  i897t 
and  vol.  ai,  pp.  139-155  and  270-294,  189S. 
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consists  of  three  texturally  distinct  phases  of  rock.  The  lower  few 
inches  usually  consist  of  dense,  finely  crystalline,  finely  shattered  rock. 
Above  this  is  the  main  mass  of  the  flow  which  is  usually  medium  coarsely 
crystalline,  distinctly  ophitic  in  texture,  and  is  free  from  amygdules  or 
other  cavities.  The  crystalline  phase  grades  upwards  into  an  amygda- 
loidal  portion  which  represents  the  surface  of  the  flow.  Locally  the  upper 
portions  of  a  flow  may  be  tuffaceous  or  brecciated,  while  in  other  places 
important  layers  of  volcanic  clastic  rocks  are  interbedded  between  suc- 
cessive flows.  The  coarseness  of  crystallization  of  the  main  mass  of  the 
flow  depends  largely  on  the  thickness.  Some  of  the  more  extensive  flows, 
which  range  up  to  two  hundred  feet  in  thickness,  are  fairly  coarsely 
crystalline. 

The  conglomerate  layers  are  usually  thin  and  are  very  local  in  their 
occurrence.  At  several  localities,  however,  beds  as  thick  as  one  hundred 
feet  have  been  reported.** 

The  St.  Croix  area  of  Keweenawan  lavas  is  delimited  on  the  west  by 
a  fault  which  extends  northeastward  toward  Lake  Superior,  forming  the 
boundary  between  the  eastward  dipping  Keweenawan  lavas,  on  the  south- 
east, and  the  horizontally  bedded,  non-fossiliferous  sandstone  of  sup- 
posed upper  Keweenawan  age,  already  mentioned,  on  the  northwest.  Be- 
cause of  this  fault  it  has  been  impossible  to  determine  the  relation  which 
these  two  formations  bear  to  each  other. 

In  many  places  in  eastern  Minnesota  outcrops  of  horizontally  bedded 
sandstone,  designated  as  "Hinckley  sandstone,"  "Potsdam  sandstone," 
and  "St.  Croix  sandstone,"  have  been  reported  by  geologists  of  the  early 
Geological  and  Natural  History  Survey  of  Minnesota."  The  outcrops 
designated  as  "Hinckley  sandstone"  or  "Potsdam  sandstone"  are  for  the 
most  part  non-fossiliferous,  and,  as  has  been  mentioned,  many  of  these 
probably  are  to  be  correlated  with  the  Bayfield  group  of  the  upper 
Keweenawan.  In  the  southern  part  of  the  region,  however,  especially 
along  St.  Croix  River,  there  are  numerous  outcrops  of  fossiliferous  sand- 
stone designated  as  "St.  Croix  sandstone,"  which  are  probably  equivalent 


«*Hall,  C.  W.,  op.  cit.,  pp.  326  and  339. 

'Upham,  Warren p  The  geology  of  Mille  Iacs  and  Kanabec  counties:  Geol.  and  Nat.  Hist. 
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Upham,  Warren,  The  geology  of  Chisago,  Isanti,  and  Anoka  counties:  Geol.  and  Nat.  Hist. 
Survey  of  Minn.,  vol.  2  (Geology)   1 882-1 885,  pp.  399-4^5>     1888. 

Upham,  Warren,  The  geology  of  Pine  County:  Geol.  and  Nat.  Hist.  Survey  of  Minn., 
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to  certain  of  the  lower  formations  of  the  Upper  Cambrian.  Fossiliferous 
sandstones  are  found  along  St.  Croix  River  as  far  north  as  Rush  Creek, 
a  short  distance  below  the  mouth  of  Snake  River.  Similar  flat-lying  sedi- 
ments in  which,  however,  fossils  have  not  been  found,  occur  for  some 
distance  north  of  this  point,  continuing  beyond  the  mouth  of  Kettle  River. 

There  is  thus  along  St.  Croix  River  an  area  of  flat-lying  sandstone 
which  toward  the  south  contains  fossils  of  Upper  Cambrian  age.  This 
area  is  bounded  on  the  west  by  steeply  eastward  dipping  Keweenawan 
flows  with  interlayered  conglomerate.  Beyond  the  volcanic  rocks,  sep- 
arated from  them  by  a  fault,  is  another  belt  of  flat-lying  sandstone,  which, 
however,  is  non-fossiliferous.  It  has  generally  been  supposed  that  these 
two  sandstones  are  of  approximately  the  same  age,  and  hence  they  have 
usually  been  mapped  as  one  formation.  More  recent  study,  however, 
indicates  that  eventually  a  separation  may  be  made  between  them,  throw- 
ing the  non-fossiliferous  sandstone  into  the  Keweenawan. 

Slightly  consolidated  Cretaceous  sediments  are  known  to  occur  at  a 
number  of  localities  in  east  central  Minnesota.  Exposures  are  found  at 
a  few  places  south  of  Little  Falls  along  Mississippi  River  and  west  of  it, 
while  in  the  Cuytma  district  these  rocks  have  been  encountered  in  drilling 
and  mining  operations.  The  exposures  along  Mississippi  River  consist 
principally  of  sandy  and  calcareous  clay.  Some  portions  are  slightly  con- 
solidated, while  other  portions  are  quite  soft.  Locally  beds  occur  con- 
taining little  ferruginous  concretions.  The  Cretaceous  rock  encotmtered 
in  exploration  work  in  the  Cuyuna  district  is  principally  ferruginous  con- 
glomerate and  shale. 

DESCRIPTIONS  OF  ROCK  OUTCROPS 

OUTCROPS  OF  SILICIC  IGNEOUS  ROCKS 

SOUTHERN  CASS,  TODD,  AND  WESTERN  STEARNS  COUNTIES 

The  westernmost  outcrops  of  silicic  igneous  rocks  in  central  Minne- 
sota are  those  occurring  in  the  southwestern  comer  of  Cass  Coimty, 
northeast  of  Staples,  those  occurring  near  Long  Prairie  River  south  of 
Staples  in  Todd  County,  and  those  occurring  in  the  vicinity  of  Sauk  Cen- 
ter and  Melrose,  and  in  Ashley  township,  in  the  western  part  of  Steams 
County. 

The  exposures  northeast  of  Staples  are  scattered  over  a  prominent 
ridge  north  of  Crow  Wing  River,  and  occupy  an  area  about  half  a  mile 
long.  The  principal  rock  of  these  exposures  is  a  pink  to  greenish,  light- 
colored,  medivim-grained  homblende  granite.  In  some  phases  of  it, 
quartz  and  feldspar  are  almost  equally  abundant,  but  in  other  phases 
quartz  is  exceedingly  rare  and  the  rock  grades  into  syenite.  In  this 
respect  it  resembles  the  Giants  Range  granite  of  the  Mesabi  district.  The 
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principal  ferromagnesian  mineral  is  green  hornblende,  but  biotite  is 
present  in  some  phases.  The  granite  is  intruded  by  dikes  of  dark  green 
rock  of  intermediate  composition.  The  dikes  are  fine-grained  along  the 
contacts  but  are  medium-grained  in  the  center.  They  vary  in  thickness 
up  to  thirty  or  forty  feet.  Both  the  granite  and  the  green  dikes  are 
stroi^ly  epidotized. 

The  group  of  outcrops  in  Todd  County  is  located  in  the  west  town- 
ship of  Ward  about  i  mile  west  of  Long  Prairie  River,  and  about  5  miles 
northeast  of  Browerville.**  There  are  several  exposures.  The  rock  is 
described  by  Upham  as  a  medium-grained  gray  syenite  consisting  mainly 
of  quartz,  feldspar,  and  dark  hornblende.  It  is  somewhat  similar  to  the 
rock  found  northeast  of  Staples  and  resembles  it  also  in  being  epidotized. 

In  the  northwestern  part  of  Steams  County  three  groups  of  outcrops 
occur  near  the  towns  of  Sauk  Center  and  Melrose,  and  in  the  township 
of  Ashley.  The  outcrops  in  Ashley  township  consist  of  numerous  ex- 
posures south  of  Ashley  Creek.*"  The  rock  resembles  syenite  but  has  been 
strongly  epidotized  so  that  no  hornblende  or  mica  remains,  and  it  consists 
mainly  of  feldspar  and  epidote.  The  Sauk  Center  outcrops  are  found 
a  short  distance  southeast  of  the  depot.  Several  varieties  of  rock  occur, 
the  principal  one  being  a  feldspathic  reddish  gneiss,  laminated  in  a  north- 
east-southwest direction.  Associated  with  the  gneiss  are  reddish  syenite 
and  masses  of  pink  quartz-feldspar  pegmatite.  Several  exposures  of  a 
hard,  dark,  granular  hornblende  feldspar  rock  occur,  probably  syenite. 
The  outcrops  at  Melrose  are  within  the  village,  south  of  Sauk  River. 
They  consist  of  hard,  coarse,  red  syenite.  In  the  western  part  of  the 
village  a  well  is  said  to  have  been  sunk  in  a  dark,  coarsely  crystalline 
hornblende  rock.** 

In  the  eastern  part  of  Cass  Coimty,  southeast  of  Leech  Lake,  drilling 
has  shown  the  occurrence  of  granite  in  three  localities  along  a  line  run- 
ning southwestward  from  the  western  end  of  the  Mesabi  district.  This 
rock  has  been  mapped  by  Van  Hise  and  Leith*^  as  Giants  Range  granite 
and  is  supposed  to  be  continuous  with  that  in  the  Mesabi  district.  On  the 
other  hand,  the  granite  outcrops  at  Staples,  as  well  as  numerous  other 
outcrops  to  the  south  and  southeast,  have  been  mapped  by  them  as  Ke- 
weenawan  on  the  supposition  that  they  are  intrusive  into  the  upper 
Huronian  schist  and  slate.  However,  this  intrusive  relation  has  been  defi- 
nitely established  for  only  a  few  of  the  outcrops  of  silicic  igneous  rocks  in 


«*Uphatn»  Warren,  The  geology  of  Wadena  and  Todd  counties:  GeoL  and  Nat,  Hist.  Sur- 
vey of  Minn.,  GeoL  of  Minn.,  vol.  2,  1882-1885,  pp.  568-569. 

« Upham,  Warren,  The  geology  of  Steams  County:  Geol,  and  Nat,  Hist.  Survey  of  Minn., 
GeoL  of  Minn.,  vol.  a,  1882-1885,  pp.  452-454. 
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central  Minnesota,  and  since  lithologically  the  Cass  County  and  Todd 
County  outcrops  resemble  the  Giants  Range  granite  it  is  not  impossible 
that  they  may  be  of  the  same  age,  viz.,  lower-middle  Huronian. 

MORRISON   COUNTY 

In  Morrison  County  outcrops  of  silicic  igneous  rocks  are  abundant, 
especially  in  the  central  and  eastern  part,  east  of  Mississippi  River,  The 
principal  exposures  occur  in  an  area  approximately  i8  miles  long,  east 
and  west,  and  12  miles  wide  north  and  south,  but  small  isolated  outcrops 
are  found  outside  of  this  area. 

Several  small  exposures  of  medium  to  coarse-grained  syenite  are 
found  on  the  east  bank  of  Mississippi  River  in  Little  Falls,  about  a  quar- 
ter of  a  mile  below  the  dam  and  approximately  opposite  the  lower  part  of 
the  island  which  occurs  in  the  river  at  this  place.  The  rock  consists  of 
hornblende  and  feldspar,  the  former  locally  altered  in  part  to  epidote  and 
the  latter  to  zoisite,  epidote,  muscovite,  and  quartz.  Some  quartz  and 
biotite  occur  in  the  rock  also.  Locally  chlorite  is  found  as  an  alteration 
product  of  biotite  and  hornblende.  Apatite  and  titanite  are  accessory 
minerals.  The  occurrence  of  this  igneous  rock  within  a  short  distance  of 
the  slate  and  phyllite  outcrops  at  the  dam  and  on  the  island  would 
seem  to  indicate  that  it  is  intrusive  into  the  sedimentary  rocks.  No  actual 
contacts,  however,  have  been  found. 

An  important  group  of  granite  and  gneiss  outcrops  is  that  occurring 
in  the  eastern  part  of  Morrison  County  on  Platte  River,  Skunk  River, 
and  Hillman  Creek.  In  general  these  are  of  gray  and  pink  biotite  and 
hornblende  granites,  locally  somewhat  gneissoid  in  texture.  A  few  out- 
crops of  banded  gneiss  are  found. 

The  northernmost  of  these  outcrops  is  a  group  of  exposures  occur-- 
ring  on  both  sides  of  the  east-west  township  road  between  section  34, 
T.  42N.,  R.  31W.,  and  section  3,  T.  41N.,  R.  31W.  Two  types  of  granite 
occur  in  these  exposures,  a  medium  fine-grained  grayish  brown  or  brown 
decomposed  biotite  granite,  considerably  epidotized,  and  a  grayish  pink 
or  pink  hornblende  granite.  The  former  has  a  fairly  uniform  grain,  but 
the  latter  varies  in  texture  from  fine-grained  to  very  coarse-grained, 
almost  pegmatitic,  and  also  shows  porphyritic  phases.  The  hornblende 
granite  appears  to  be  intrusive  in  the  biotite  granite. 

In  the  northwest  corner  of  section  i,  T.  41N.,  R.  31W.,  and  the 
southwest  corner  of  section  36,  T.  42N.,  R.  31W.,  about  lyi  miles  east 
of  the  outcrops  just  described,  and  one  mile  north  of  Freedhem,  there 
are  a  number  of  exposures  of  fine-grained,  dark  gray,  biotite  granite 
mixed  with  a  pinkish,  medium  to  coarse-grained  granite  which  usually 
contains  both  biotite  and  hornblende.  From  the  relations  it  appears  that 
the  pink  granite  is  intrusive  as  dikes  and  irregular  masses  into  the  dark 
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• 
gray  granite  which  is  by  far  the  more  abundant.    The  pink  granite  con- 
tains much  pink  feldspar  while  the  dark  gray  granite  is  rich  in  quartz  and 
biotite.    The  rocks  crop  out  in  a  swamp  both  north  and  south  of  the  town- 
ship road. 

Near  the  center  of  section  6,  T.  41 N.,  R.  30W.,  about  ij/^  miles 
south  of  east  from  the  outcrops  just  described,  are  a  few  scattered 
outcrops  consisting  principally  of  fine  to  medium-grained,  dark  gray  bio- 
tite granite,  rich  in  quartz,  which  is  intruded  by  dikes  of  coarse-grained, 
pink  biotite  granite.  In  general  the  rocks  resemble  those  occurring  one 
mile  north  of  Freedhem  but  apparently  little  or  no  hornblende  is  present 
in  the  pink  granite. 

A  group  of  exposures  of  considerable  extent  occurs  north  and  south 
of  the  section  line  between  sections  7  and  18,  T.  41 N.,  R.  30W.,  some 
distance  east  of  the  quarter  post.  It  is  located  about  lYz  miles  south 
of  the  outcrops  in  section  6.  Two  kinds  of  rock  are  present,  (i) 
a  dark  gray,  fine  to  medium-grained  biotite  granite,  and  (2)  a  medium 
to  coarse-grained  pink  biotite  granite.  There  is  a  sharp  line  of  division 
between  these  two  types  marked  approximately  by  a  diagonal  road  which 
cuts  across  the  two  sections  in  a  northeast-southwest  direction.  To  the 
southeast  of  the  road  the  outcrops  are  of  pink  granite,  while  to  the  north- 
west they  are  of  dark  gray  granite.  The  pink  granite  is  found  also  as 
small  irregular  intrusions  in  the  gray  granite.  A  small  quarry  occurs 
in  the  area  of  the  gray  granite.  The  dark  gray  granite  consists  of  fresh, 
glassy,  colorless  feldspar  and  quartz  with  abundant  biotite  and  some  horn- 
blende. Locally  hornblende  predominates  over  biotite.  The  hornblende 
in  places  is  slightly  altered  to  epidote  and  the  biotite  to  chlorite.  The 
pink  granite  consists  mainly  of  pink  feldspar  and  biotite,  but  quartz  is 
present  in  small  amounts. 

In  sections  23  and  24,  T.  41 N.,  R.  31W.,  about  i}4  miles  north 
of  the  locality  known  as  Gravelville,  and  about  2  miles  southwest  of 
the  outcrops  just  described,  a  large  number  of  granite  exposures 
occur  in  an  area  of  about  one  square  mile.  The  principal  exposures  form 
a  prominent  ridge  surrounded  on  three  sides  by  low  marshy  areas.  Some 
smaller  exposures  occur  within  the  marshy  areas.  Several  types  of  gran- 
ite are  present,  the  principal  one  being  a  dark  gray,  medium-grained 
granite  with  abundant  hornblende  and  considerable  biotite.  Next  to  this 
in  abundance  is  a  coarse  pink  biotite  granite  which  seems  to  be  intrusive 
into  the  hornblende  granite,  but  which  since  intrusion  has  suffered  de- 
formation. Besides  these  types  a  fine-grained  black  granite  occurs  which 
contains  both  hornblende  and  biotite,  the  former  epidotized,  while  a 
fourth  type  consists  of  fine-grained  pink  biotite  granite,  in  places  porphy- 
ritic.    These  various  types  are  irregularly  intermixed  and  grade  into  each 
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Other.  The  medium-grained,  dark  gray  hornblende  granite  is  much  more 
abundant  than  the  other  phases.  At  one  point  a  small  quarry  occurs  in 
it  and  here  the  rock  is  quite  fresh,  showing  only  a  slight  alteration  of  the 
ferromagnesian  minerals  to  epidote  and  chlorite.  The  pink  granites  ap- 
pear to  be  intrusive  into  it,  although  the  occurrence  is  very  irr^^ular. 
The  coarse  and  fine-grained  varieties  of  pink  granite  have  a  similar 
mineral  composition  and  are  probably  phases  of  the  same  rock.  They 
contain  little  or  no  hornblende.  The  fine-grained  black  granite  is  not 
very  abundant.  It  occurs  mainly  in  the  form  of  irr^^lar  included  masses 
in  the  hornblende  granite. 

A  considerable  number  of  outcrops  of  silicic  igneous  rocks  occur  on 
Skunk  River  and  Hillman  Creek,  east  of  Little  Falls.  The  area  through 
which  the  outcrops  are  scattered  is  about  15  miles  long  in  a  northeast- 
southwest  direction,  and  about  6  miles  wide.  The  town  of  Pierz  is  in  the 
southwestern  part  of  the  area.  Most  of  the  outcrops  occur  on  the  streams 
or  within  a  short  distance  from  them.  As  a  rule  the  rocks  do  not  rise  far 
above  the  surface  of  the  soil  and  in  a  few  localities  they  have  been  ex- 
posed only  by  quarrying. 

The  westernmost  of  these  outcrops  is  at  Meyer's  quarry  south  of  Fish 
Lake  and  about  a  mile  west  of  the  station  of  New  Pierz.  A  very  uniform, 
fine-grained,  light  gray,  biotite  granite  occurs  here  and  some  of  it  has 
been  quarried.    There  are  no  outcrops  other  than  those  in  the  quarry. 

Several  other  granite  outcrops  are  found  not  far  from  the  village  of 
Pierz,  one  occurring  on  Skunk  River  near  the  station  of  New  Pierz,  an- 
other one  near  the  junction  of  Hillman  Creek  with  Skunk  River  east  of 
Pierz,  and  a  third  one  along  the  Minneapolis,  St.  Paul,  and  Sault  Ste. 
Marie  railroad,  about  2j4  miles  east-northeast  of  the  station  of  New 
Pierz. 

The  first  of  these  is  an  outcrop  of  medium-coarse,  light  gray,  biotite 
granite,  about  50  feet  long  and  60  feet  wide.  It  is  situated  about  a  fifth 
of  a  mile  southeast  of  the  railroad  station  on  the  east  bank  of  Skunk 
River. 

The  second  outcrop  is  located  on  the  south  side  of  Skunk  River  about 
a  fourth  of  a  mile  above  the  mouth  of  Hillman  Creek.  Several  exposures 
of  gray,  banded  biotite  gneiss  are  found  here.  Most  of  the  rock  is  fine- 
grained and  dark,  but  layers  of  coarse-grained,  light-colored  rock  occur 
interbanded  with  the  fine-grained  rock.  Disseminated  crystals  of  garnet 
similar  to  those  occurring  in  the  gneiss  at  Granite  City,  farther  up  Skunk 
River,  are  abundant.  At  one  point  a  dike  of  mediimi-coarse  grained  pink 
syenite  cuts  the  gneiss. 

The  third  one  of  the  outcrops  near  Pierz  occurs  in  a  railroad  cut  near 
th^  west  side  of  section  10,  T.  40N.,  R.  30W.    The  rock  is  mainly  light 
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to  dark  gray,  medium  coarse-grained  biotite  granite.  Locally  it  shows 
a  marked  gneissoid  texture  due  to  the  parallel  arrangement  of  biotite 
flakes  and  their  s^regation  along  certain  bands.  Small  dikes  of  light- 
colored  aplite  cut  the  granite. 

Besides  these  another  outcrop  of  granite  is  mentioned  by  Upham** 
as  occurring  in  the  southwestern  part  of  section  22,  T.  40N.,  R.  30W. 
The  rock  is  said  to  have  been  quarried.  No  indications  of  this  outcrop, 
however,  were  found  by  one  of  the  writers  (Johnston)  who  visited  the 
locality. 

About  8  miles  up  Skunk  River,  northeast  of  Pierz,  is  a  locality 
known  as  Granite  City  where  a  saw  mill  and  village  existed  previous  to 
the  Indian  outbreak  of  1862.  Outcrops  of  coarse-grained  gray  granite 
and  of  gray  and  white  banded  gneiss  occur  at  this  place  on  both  sides 
of  the  river.  The  granite  contains  quartz,  biotite,  and  white  feldspar  in 
approximately  equal  amounts.  Locally  the  feldspar  predominates,  how- 
ever, and  occurs  in  somewhat  larger  grains,  so  that  it  gives  the  rock  a 
porphyritic  appearance.  In  places  the  biotite  shows  a  tendency  to  parallel 
arrangement,  thus  giving  gradations  into  gneiss.  Dikes  of  medium  fine- 
grained aplite  are  found  in  several  places  in  the  granite. 

The  gneiss  occurs  as  bands  bounded  by  granite.  It  consists  of  inter- 
layered  fine  and  coarse-grained  material.  The  coarse-grained  layers  con- 
sist mainly  of  quartz  and  feldspar  and  are  usually  white  or  light-colored, 
while  the  fine-grained  layers  contain  abundant  biotite  and  are  dark  gray. 
At  many  places  the  fine-grained  layers  show  fine  lamination  due  to  the 
parallel  arrangement  of  biotite.  Locally  also  they  contain  fine,  light- 
colored  laminae  of  fine-grained  feldspar,  or  quartz  and  feldspar.  The 
dark  and  light-colored  layers  in  the  gneiss  vary  in  thickness  up  to  per- 
haps an  inch  or  more,  the  dark  fine-grained  layers  being  thicker  and 
making  up  more  of  the  rock.  Red  garnet  is  abundant  locally  in  the  gneiss, 
usually  occurring  in  the  fine-grained  layers  as  scattered  crystals.  Horn- 
blende does  not  occur  ordinarily  as  a  constituent  either  in  the  granite  or 
gneiss,  but  locally  it  is  found  in  the  latter  in  large  crystals  scattered 
through  certain  layers  similarly  to  the  garnet. 

In  the  NE>4  of  the  SWJ4  of  section  11,  T.  41 N.,  R.  29W.,  about 
3  miles  northeast  of  the  Granite  City  locality  just  described,  a  small 
outcrop  of  granite  occurs  in  the  road.  The  rock  consists  of  fine  to  coarse- 
grained gray  biotite  granite  similar  to  that  at  Granite  City,  and  contains  a 
few  small  lenses  of  pegmatitic  material.    No  gneiss  occurs  in  this  outcrop. 

In  the  SWJ4  of  section  12,  T.  41 N.,  R.  29W.,  at  a  locality  known  as 
Rucker,  several  small  outcrops  of  rock  are  found  along  the  west  side 
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of  Skunk  River.  Most  of  the  exposures  consist  of  a  dark  lavender  or 
greenish  gray  hornblende  rock.  It  has  a  porphyritic  texture,  containing 
phenocrysts  of  hornblende  and  gray  calcic  feldspar,  the  former  predomi- 
nating. The  hornblende  has  a  granular  appearance  rather  than  the  usual 
fibrous  texture.    The  rock  is  probably  a  syenite  or  diorite. 

At  this  locality  one  exposure  occurring  southwest  of  the  bridge  over 
Skunk  River  consists  of  coarse-grained,  dark  gray,  biotite  granite,  cut 
by  dikes  of  medium  to  coarse-grained  pink  granite.  The  gray  granite 
is  fresh  in  appearance  due  to  the  presence  of  abundant  fresh,  colorless 
or  white  feldspar.  Biotite  is  abundant  in  it  and  some  hornblende  occurs. 
The  pink  granite  consists  mainly  of  pink  feldspar,  but  it  contains  abundant 
quartz  and  everywhere  a  little  biotite.  The  feldspar  shows  very  irregular 
crystallization,  masses  of  fine-grained  and  coarse-grained  material  being 
closely  associated. 

A  small  knoll  consisting  of  gray  and  pink  granite  occurs  on  the  north 
side  of  Little  Skunk  River  near  the  east  side  of  section  6,  T.  41 N.,  R. 
28W.,  about  2  miles  above  Rucker.  The  gray  granite  is  a  coarse- 
grained biotite  granite,  similar  in  appearance  to  that  at  Granite  City.  It 
contains  frequent  scattered  crystals  of  hornblende,  some  of  them  more 
than  half  an  inch  long.  The  pink  granite  varies  in  texture  and  composi- 
tion. Some  phases  of  it  are  coarse-grained  and  almost  free  from  ferro- 
magnesian  minerals,  while  other  phases  are  medium-grained  and  contain 
abundant  scattered  biotite.  Frequently  the  coarse  and  medium-grained 
types  are  closely  associated.  A  few  small  dikes  of  fine-grained,  light- 
colored  granite  are  intruded  into  the  gray  granite. 

Several  other  rock  outcrops  occur  on  Little  Skunk  River  and  on  the 
upper  portion  of  Skunk  River,  both  in  section  6,  T.  41 N.,  R.  28W.,  and 
in  section  i,  T.  41 N.,  R.  29W.  One  of  the  larger,  ones  of  these  is  found 
near  the  center  of  section  i  and  consists  of  granite.  Another  one  is 
mapped  by  Upham*®  as  occurring  along  the  northern  boundary  of  sec- 
tion 6.  The  latter,  however,  could  not  be  found  and  has  probably  been 
confused  with  the  outcrop  at  Rucker  as  is  indicated  by  the  description. 

An  interesting  group  of  exposures  of  various  kinds  of  granite  is  found 
along  Hillman  Creek  and  Little  Hillman  Creek  in  an  area  about  3  miles 
long  east  and  west,  and  about  i  mile  wide.  The  westernmost  of  these 
outcrops  occur  about  4j/^  miles  east  of  Pierz  in  the  eastern  part  of  sec- 
tion 7  and  western  part  of  section  8,  T.  40N.,  R.  29W.  They  form  an 
elevation  along  the  north  side  of  Hillman  Creek  and  consist  of  coarse 
gray  biotite  granite  which  is  intruded  by  medium-grained  pink  biotite 
granite.    The  gray  granite  locally  is  porphyritic  and  contains  conspicuous 
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crystals  of  white  feldspar,  but  for  the  most  part  it  is  even-grained.  The 
pink  granite  shows  pegmatitic  facies  locally,  while  elsewhere  it  is  in- 
truded as  narrow  dikes  and  is  fine-grained. 

In  the  northeastern  part  of  section  8,  fine-grained  pink  and  dark  gray 
granites  are  intruded  into  coarse  pinkish  gray  granite.   The  Minneapolis, 
St.  Paul,  and  Sault  Ste.  Marie  railroad  cuts  through  two  of  the  outcrops 
and  two  small  quarries  occur  in  them,  one  to  the  north  and  one  to  the 
south  of  the  railroad.    The  fine-grained  pink  granite  consists  mainly  of 
pink    feldspar  and  quartz,  but  biotite  and  hornblende  occur  scattered 
through  it.    The  fine-grained,  dark  gray  granite  contains  abundant  ferro- 
magnesian  minerals,  both  biotite  and  hornblende.     It  is  not  extensive 
areally.     The  coarse-grained  gray  granite  covers  a  larger  area  than  the 
other  two  types.    It  is  fresh  and  consists  of  slightly  pinkish  feldspar  and 
quartz  with  much  biotite.    The  latter  is  partly  altered  to  chlorite.     The 
pink  granite  intrudes  it  as  dikes  and  as  larger  intrusive  masses.     Pink 
pegmatitic  phases  occur  also.    The  quarries  are  both  in  the  pink  granite. 
Farther  up  Hillman  Creek,  in  section  35,  T.  41 N.,  R.  29W.,  about  a 
mile  above  the  locality  just  described,  are  the  remains  of  an  old  logging 
dam.    At  this  place  a  large  number  of  outcrops  occur  on  both  sides  of  the 
creek  and  extend  for  some  distance  to  the  north.    The  Minneapolis,  St. 
Paul,  and  Sault  Ste.  Marie  railroad  has  cut  through  one  of  the  larger  out- 
crops.   Most  of  the  exposures  south  of  the  creek  consist  of  coarse-grained 
gray  granite  with  some  gneissic  phases,  while  those  to  the  north  are 
mainly  fine-grained  pink  granite.    The  pink  granite  contains  only  a  small 
amount  of  ferromagnesian  minerals,  being  composed  principally  of  pink 
feldspar  and  quartz.    It  is  intruded  into  the  coarse  gray  granite  as  dikes 
and  large  masses.     In  the  railroad  cut  a  nearly  horizontal  sill  of  pink 
granite  varying  up  to  two  feet  in  thickness,  and  bounded  above  and  below 
by  coarse  gray  granite,  occurs  in  both  walls  of  the  cut  almost  along  the 
entire  length.     North  of  Hillman  Creek,  the  intrusive  masses  of  pink 
granite  are  much  larger,  though  the  texture  is  uniformly  fine-grained. 
The  coarse  gray  granite  is  a  biotite  granite  similar  to  that  already  de- 
scribed as  occurring  to  the  southwest.     Portions  of  it  apparently  have 
suflFered  considerable  deformation  and  recrystallization  with  the  result 
that  masses  of  coarse  banded  gneiss  have  developed.     These,  however, 
are  of  restricted  occurrence.    Not  all  the  dikes  are  of  pink  granite.  There 
are  also  dikes  of  fine-grained  gray  biotite  granite  which  cut  the  coarse- 
grained granite.    One  of  these  is  exposed  in  the  railroad  cut. 

On  Little  Hillman  Creek  in  section  9,  T.  40N.,  R.  29W.,  about  a  mile 
east  of  the  outcrops  in  sections  7  and  8,  there  is  another  group  of  ex- 
posures of  gray  and  pink  granite.  The  principal  rock  is  a  coarse-grained 
biotite  granite,  in  general  having  a  gray  appearance,  but  in  places  con- 
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taiiiing  pink  feldspar  in  abundance.  This  rock  is  intruded  by  dikes  of 
fine-grained  light  gray  and  dark  gray  granite  and  fine-grained  white  to 
pink  aplite.  The  light  gray  granite  contains  but  a  small  amount  of  f  erro- 
magnesian  minerals,  while  the  dark  granite  contains  abundant  biotite  and 
some  hornblende.  The  aplite  dikes  are  in  places  made  up  almost  entirely 
of  quartz  and  pink  feldspar.  Locally,  however,  scattered  ferromagnesian 
minerals  are  present.  The  gray  coarse  granite  has  suffered  deformation 
and  in  places  shows  gneissic  structure. 

A  few  small  outcrops  consisting  mainly  of  very  coarse-grained  pink 
biotite  granite  are  found  near  the  west  side  of  section  i8,  T.  39N.,  R. 
30W.,  about  three  miles  southwest  of  Buckman.  They  occur  in  a  barn- 
yard a  short  distance  from  the  north-south  township  road.  The  rock  is 
considerably  weathered  and  friable.  It  contains  inclusions  of  a  fine- 
gained  dark  gray  rock.  One  of  the  outcrops  consists  of  fresh  pink 
granite  with  texture  varying  from  fine-grained  to  coarse-grained  in  dif- 
ferent parts. 

STEARNS,  BENTON^  SHEKBURNE,  AND  WESTERN   MOXB  LACS  COUNTIES 

The  region  surrounding  Saint  Qoud  and  Sauk  Rapids  contains  a 
large  number  of  rock  outcrops,  principally  granite  and  subordinately 
diorite  and  gabbro.  They  are  situated  mainly  in  the  eastern  part 
of  Steams  County  and  in  the  western  parts  of  Benton  and  Sherburne 
comities,  and  extend  approximately  from  Watab  on  the  north  to  Linden 
township  on  the  south,  and  to  Rockville  on  the  southwest.  The  area  in 
which  outcrops  occur  is  about  16  miles  long  north  and  south,  and  about 
12  miles  wide.  Outside  of  this  area,  however,  there  are  a  few  scattered 
outcrops,  such  as  the  exposures  of  granite  and  of  Cretaceous  sediments 
along  Sauk  River  near  Coldspring  and  Torah  (Richmond),  Steams 
Cotmty,  and  the  granite  exposures  on  the  upper  Elk  River  about  8  miles 
northwest  of  Foley,  Benton  Coimty. 

Most  of  the  outcrops  occur  in  groups,  but  isolated,  scattered  outcrops 
are  also  abundant.  The  most  northerly  of  the  groups  of  outcrops  is  that 
south  of  Watab  on  the  east  side  of  Mississippi  River.  Three  rocky 
knolls  are  found  here  between  the  tracks  of  the  Northem  Pacific  Rail- 
way and  the  river.  The  knolls  consist  principally  of  a  dark,  fine-grained 
homblende  rock,  probably  a  diorite.  Locally  between  the  knolls  fine  to 
medium-grained  pink  granite  which  appears  to  be  intrusive  in  the  diorite 
crops  out.  In  the  knoll  farthest  east  near  the  railroad  a  quarry  occurs 
in  the  pink  granite,  in  which  several  phases  are  shown. 

From  Watab  southward  to  Sauk  Rapids  exposures  of  diorite  and  pink 
and  gray  granite  occur  at  frequent  intervals.  Most  of  them  are  found 
from  I  to  3  miles  east  of  Mississippi  River,  but  west  of  the  river 
there  are  also  scattered  outcrops.    About  ijA  miles  north  of  Sauk  Rapids 
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and  2  miles  east  of  the  river,  are  situated  a  number  of  quarries.  Several 
different  types  of  granite  are  taken  from  these,  including  medium  coarse- 
grained pink  hornblende  granite  and  light  to  dark  gray  biotite  and  horn- 
blende granite. 

At  Sauk  Rapids  a  number  of  outcrops  are  found.  On  the  east  side  of 
Mississippi  River  are  exposures  of  dark  gray  hornblende  granite,  while 
on  the  west  side  below  the  bridge  is  an  exposure  of  coarsely  porphyritic 
rhyolite  porphyry  containing  both  feldspar  and  quartz' phenocrysts  in  a 
gray,  finely  crystalline  matrix. 

The  largest  group  of  outcrops  in  the  Saint  Cloud  region  is  situated 
about  2  miles  southwest  of  Saint  Cloud  and  occupies  an  area  about  4  miles 
long  north  and  south  and  about  3J4  miles  wide."®  Pink  and  red  granite 
and  syenite  exposures  are  abundant,  being  scattered  at  short  intervals 
over  the  entire  area,  some  of  them  being  several  acres  in  extent.  The 
rock  is  described  by  Upham  as  principally  syenite  with  predominating 
hornblende  but  also  containing  abundant  mica. 

Near  Rockville,  about  6  miles  southwest  of  this  group  of  outcrops,  a 
number  of  massive"*  exposures  of  coarse-grained  gray,  biotite  granite 
occur.  Several  of  these  exposures  are  forty  or  fifty  rods  in  extent  and 
rise  forty  or  fifty  feet  above  the  surrounding  level.  They  are  found  along 
Mill  Creek  south  of  the  village  and  along  Sauk  River  north  of  the  village. 

In  Saint  Augusta  township  about  4  miles  east-southeast  of  Rock- 
ville,"' an  exposure  of  pink  biotite  granite  is  reported  to  occur  near  the 
center  of  section  19,  T.  123N.,  R.  28W.,  while  an  outcrop  of  gray  granite 
is  reported  in  the  northwestern  comer  of  Linden  township  about  2j4 
miles  south  of  Saint  Augusta."' 

The  outcrops  at  Coldspring  and  Torah  (Richmond)  in  Wakefield 
township  are  described  as  consisting  mainly  of  coarse  reddish  syenite. 
The  Coldspring  outcrops  occupy  an  area  a  quarter  of  a  mile  square. 
Several  exposures  of  very  hard,  dark  diorite  are  reported  as  occuring  2 
miles  east  of  Torah  (Richmond).  These  are  the  southernmost  outcrops 
of  igneous  rock  in  east  central  Minnesota. 

In  the  northwestern  part  of  Sherburne  County  several  outcrops  occur 
in  Haven  township"*  southeast  of  East  Saint  Cloud.  A  number  of 
quarries  are  found  near  the  State  Reformatory  about  2  miles  from  East 
Saint  Cloud  in  a  rock  said  to  be  fine-grained  gray  to  red  syenite.     Ex- 
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posures  occur  over  a  considerable  area.  About  2  miles  south  of  the  Re- 
formatory in  the  west  central  part  of  the  township  is  an  outcrop  of  coarse 
whitish  gray  syenite^'  covering  4  or  5  acres  and  rising  as  a  bare  rounded 
knoll  above  the  surrounding  prairie. 

The  outcrops  northeast  of  Foley  near  the  center  of  Benton  Coimty 
are  reported  by  Upham  to  be  only  a  few  rods  in  extent  and  to  consist  of 
reddish  syenite. 

A  group  of  granite  outcrops  of  considerable  extent  is  found  northeast 
of  the  Saint  Cloud  region  along  the  upper  courses  of  the  West  Branch 
of  Rum  River  and  Saint  Francis  River  in  northeastern  Benton  and 
western  Mille  Lacs  counties.**  The  outcrops  on  the  West  Branch  of 
Rum  River  both  in  Benton  and  Mille  Lacs  counties  are  said  to  consist 
of  remarkably  uniform,  coarse-grained,  reddish  syenite.  They  occur 
along  the  river  through  an  extent  of  about  2  or  3  miles.  Many  different 
exposures  are  found,  most  of  them  small  ledges  occurring  along  the 
banks  or  in  the  channel  of  the  stream.  The  westernmost  group  of  ex- 
posures is  a  short  distance  above  the  mouth  of  Stony  Brook  in  Benton 
County,  while  the  easternmost  exposures  occur  about  3  miles  west  of 
Milaca. 

The  outcrop  near  the  headwaters  of  Saint  Francis  River  is  about  four 
miles  west  of  the  westernmost  outcrop  on  the  West  Branch  of  Rum  River 
in  the  northern  part  of  section  20,  T.  38N.,  R.  28W.  It  is  reported  to  be 
about  25  rods  long  by  1 5  rods  wide  and  to  consist  of  reddish  syenite  cut 
by  an  east  and  west  trap  dike.  The  dike  is  from  a  foot  to  a  foot  and  a 
half  wide  and  has  fine-grained  syenite  on  the  north  side  and  coarse- 
grained syenite  on  the  south  side. 

NORTHERN    MILLE   LACS,    KANABEC,    SOUTHERN    AITKIN,    AND    WESTERN    PINE   COUNTIES 

A  number  of  outcrops  of  several  different  kinds  of  silicic  igneous  rock 
occur  south  and  southwest  of  Onamia  in  the  northern  part  of  Mille  Lacs 
County,  some  being  on  Rum  River  and  some  on  Bradbury  Brook,  a 
tributary  of  Rum  River. 

The  most  northerly  outcrop  on  Rum  River  is  located  about  5  miles 
south  of  Onamia  near  the  ruins  of  an  old  logging  dam.  There  is  a  bridge 
over  the  river  at  this  point,  and  the  exposures  are  on  the  east  side  of  the 
river  both  north  and  south  of  the  bridge.  The  principal  rock  is  a  light- 
colored,  medium  to  coarse-grained  granite,  much  of  which  has  developed 
a  gneissic  structure  and  contorted,  obscure  banding.  The  banding  is  due 
in  part  to  the  arrangement  of  biotite  in  streaks  and  in  part  to  a  difference 
in  size  of  grains  of  the  different  bands.  The  coarse  granite  is  cut  by 
several  varieties  of  dark-colored  dikes.    One  is  a  very  dark,  fine-grained 


"Upham,  W.,  op.  cit.,  p.  43a. 

"*  Upham,  Warren,  The  geology  of  Mille  Lacs  and  Kanabec  counties:     op.  cit.,  pp.  6ia-628. 
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A.      GRANITE   EXPOSURES   ON   RUM    RIVER,   SOUTH    OF  ONAMIA,    MII.LE  LACS   COUNTY 


B.      GRANITE    EXPOSURES    ALONG    HAY    CREEK,    A    BRANCH    OF    SNAKE    RIVER,    y^m^ 
KANABEC   COUNTY  f    (^  • 
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biotite  granite  while  the  other  is  a  dark,  dense  rock  gray  to  greenish  and 
fine-grained.    The  latter  rock  contains  abundant  pyrite. 

The  other  outcrops  on  Rum  River  occur  in  section  7,  T.  40N.,  R.  26W., 
and  section  12,  T.  40N.,  R.  27W.  They  form  a  series  of  three  outcrops, 
two  occurring  in  the  NWJ4  of  NW^  of  section  7  and  one  in  the  NEj4 
of  NE>^  of  section  12.  All  are  found  within  a  distance  of  about  a  half 
a  mile  along  the  stream. 

The  first  of  these  outcrops,  going  down  stream,  consists  of  dark  gray, 
fine-grained  biotite  granite,  which  has  been  squeezed  so  that  the  biotite 
has  developed  a  parallel  arrangement  without  s^regatlon  into  bands  thus 
giving  the  rock  a  schistose  appearance.  The  rock,  however,  is  quite 
massive. 

The  second  outcrop  consists  of  dense,  fine-grained,  mica  schist.  The 
rock  has  a  dark  greenish  gray  color  and  contains  abundant  flakes  of 
muscovite,  as  well  as  biotite.  It  appears  to  be  similar  to  the  rock  exposed 
in  the  outcrop  last  mentioned,  but  has  suffered  further  deformation. 
Dikes  of  a  dark-colored  fine-grained  feldspathic  rock  are  found  in  it. 

The  third  outcrop  consists  of  light-colored  medium  coarse-grained 
granite  consisting  mainly  of  quartz  and  feldspar,  but  containing  scattered 
biotite. 

The  exposures  along  Bradbury  Brook  consist  mainly  of  light-colored 
gray  or  brownish  granite  with  local  gneissic  phases.  Three  of  the  ex- 
posures occur  on  or  near  the  South  Fork  of  Bradbury  Brook  in  section 
25,  T.  41 N.,  R.  27W.,  and  section  30,  T.  41 N.,  R.  26W.,  and  another  one 
occurs  in  section  13,  T.  41 N.,  R.  27W.,  a  short  distance  east  of  the  North 
Fork  of  Bradbury  Brook. 

The  outcrop  in  section  13  is  located  on  the  quarter  line  about  1,000 
feet  west  of  the  north-south  township  road  between  T.  41 N.,  R.  27W., 
and  T.  41 N.,  R.  26W.  The  principal  rock  is  a  gray  medium-grained 
granite  with  abundant  biotite,  which  is  more  or  less  concentrated  along 
parallel  streaks  due  to  deformation  and  recrystallization  and  gives  the 
rock  a  gneissic  appearance.  It  does  not  show  distinct  banding,  however. 
The  biotite  granite  is  cut  by  several  dikes  of  a  very  light-colored  fine- 
grained to  medium-grained  quartz- feldspar  rock  (aplite)  containing  a 
little  scattered  biotite. 

The  northernmost  of  the  exposures  near  the  South  Fork  of  Bradbury 
Brook  occur  along  the  township  road  between  section  25,  T.  41 N.,  R. 
27W.,  and  section  30,  T.  41 N.,  R.  26W.  about  1400  feet  south  of  the 
section  comer.  The  rock  here  consists  of  medium  coarse-grained  light- 
colored  granite  with  abundant  quartz  and  feldspar  and  scattered  biotite. 
Locally  it  shows  a  tendency  to  a  gneissic  texture,  which  is  not  very 
marked.  This  rock  contains  inclusions  of  a  fine-grained,  dark  granite 
with  abundant  ferromagnesian  minerals. 
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About  400  feet  south  of  these  exposures  at  the  bridge  over  the  South 
Fork  of  Bradbury  Brook,  a  small  outcrop  of  fine-grained,  gneissoid  gran- 
ite occurs  east  of  the  road.  The  biotite  shows  in  conspicuous  parallel 
lines. 

About  300  feet  west  of  the  outcrop  at  the  bridge  just  mentioned,  there 
is  a  dam  on  the  South  Fork  of  Bradbury  Brook  near  which  are  found 
several  exposures  of  medium-grained  gray  biotite  granite.  Some  of  the 
rock  is  light-colored  and  consists  mainly  of  quartz  and  feldspar  with  scat- 
tered biotite,  but  in  some  of  it  the  ferromagnesian  minerals  equal  in 
amount  or  predominate  over  the  quartz  and  feldspar  and  such  phases  are 
dark. 

Upham*^  mentions  the  occurrence  of  several  other  rock  exposures 
along  Rum  River  and  Bradbury  Brook.  Those  on  Rum  River  are  said 
to  be  several  miles  above  the  mouth  of  Bradbury  Brook  and  to  consist 
of  syenite,  hornblende  rock,  gneiss,  granite,  and  greenstone.  Outcrops 
of  this  description  have  been  looked  for  but  have  not  been  found  by  the 
writers.  The  outcrop  on  Bradbury  Brook  is  reported  to  be  on  the  South 
Fork  3  or  4  miles  above  its  junction  with  the  North  Fork.  As  these  ex- 
posures were  not  visited  by  Upham  but  were  reported  on  the  authority 
of  others,  it  is  probable  that  they  have  been  confused  with  certain  of  the 
outcrops  described  above. 

In  the  NWH  of  SEJ4  of  section  27,  T.  42N.,  R.  26W.,  about  3  miles 
northeast  of  Onamia,  exposures  of  granite  and  diorite  are  reported  by 
Grout**  to  occur  in  the  bottom  of  a  cut  along  the  Minneapolis,  St.  Paul, 
and  Sault  Ste.  Marie  Railroad.  The  outcrop  rises  from  2  to  3  feet  above 
the  grade  and  extends  for  185  feet  along  the  north  side.  Only  a  few 
exposures  are  found  on  the  south  side  of  the  cut.  The  rock  consists  of 
alternate  masses  of  fine-grained  light  gray  biotite  granite  and  dark  gray 
medium  coarse-grained  diorite.  The  contacts  are  sharp  and  no  change  in 
the  size  of  the  grain  is  noticed  on  approaching  them.  Along  one  contact 
is  a  small  pegmatitic  band  grading  into  the  granite.  A  few  small  dark 
inclusions  or  blotches  of  ferromagnesian  minerals  are  found  in  the 
granite. 

About  5  miles  southeast  of  Wahkon,  Mille  Lacs  County,  in  section 
3,  T.  41 N.,  R.  25W.,  a  quarry  has  recently  been  opened  in  light  gray 
granite.  It  is  located  in  the  northeast  comer  of  the  section  in  a  bend  of 
ICnife  River.  The  granite  is  of  two  kinds,  one  a  medium  coarse-grained 
rock,  and  the  other  finer  grained.  Both  are  very  light  colored  and  con- 
tain only  a  small  percentage  of  ferromagnesian  minerals.  Their  relation 
is  such  as  to  indicate  that  the  fine-grained  granite  is  intrusive  into  the 


'Upham,  W.,  op,  eii.,  p.  617. 
■Grout,  F.  F.,  Oral  communication. 
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coarse-grained  granite.  The  fine-grained  rock  resembles  very  closely 
that  found  at  Meyers  quarry  west  of  Pierz  and  is  hard  and  fresh.  Dikes 
and  irr^ular  masses  of  fine-grained  aplite  cut  both  varieties  of  granite. 

A  number  of  granite  outcrops  are  found  in  the  region  of  Ann  Lake, 
4  to  7  miles  northwest  of  Mora,  Kanabec  County.  Near  the  boundary 
between  sections  19  and  20,  T.  40N.,  R.  24W.,  just  north  of  the  east  and 
west  road  which  runs  along  the  south  line  of  these  sections,  several  ex- 
posures of  mediiun-grained,  pinkish  gray  biotite  granite  occur.  They 
probably  continue  south  of  the  road  into  sections  29  and  30.  The  prin- 
cipal exposure  forms  a  small  hummock  overlooking  a  marsh  a  short  dis- 
tance north  of  the  road.  The  rock  here  is  a  light  pink  biotite  granite 
with  abundant  quartz  and  both  white  and  pink  feldspar. 

Upham'*  reports  the  occurrence  of  ledges  of  gray  fine-grained  granite 
along  Ann  River  in  sections  30,  29,  and  32  half  a  mile  to  a  mile  south 
of  the  locality  mentioned  above.  He  states  that  similar  outcrops  are  re- 
ported as  occurring  also  along  Little  Ann  River  north  of  Ann  Lake  in 
sections  26  and  14,  T.  40  N.,  R.  25W. 

Quarries  in  granite  are  located  at  Warman  in  the  southeast  comer 
of  section  6  and  the  southwest  corner  of  section  5,  T.  41 N.,  R.  23 W. 
The  granite  is  very  light  gray,  medium-grained,  with  abundant  quartz 
and  white  feldspar,  and  considerable  amounts  of  scattered  biotite.  The 
rock  is  very  even-grained  and  shows  no  abrupt  changes  in  texture  or 
mineral  composition.  Most  of  it  is  fresh  and  shows  little  or  no  altera- 
tion of  the  feldspars.  At  one  of  the  quarries  there  are  a  few  dikes  of 
white  feldspar-quartz  pegmatite,  containing  scattered  large  thin  biotite 
flakes. 

Ntmierous  outcrops  of  sedimentary  and  igneous  rocks  are  found  along 
Snake  River  in  the  northern  part  of  Kanabec  County.  The  southern- 
most of  these  exposures,  consisting  of  several  outcrops  of  flat-lying  pink 
and  red  sandstone,  are  found  in  the  northwestern  part  of  section  23,  T. 
42N.,  R.  23W.  The  rock  probably  forms  a  part  of  the  supposed  upper 
Keweenawan  sandstone  which  extends  southwestward  from  the  western 
end  of  Lake  Superior.    The  outcrops  are  described  later. 

The  next  group  of  exposures  to  the  north  up  Snake  River  is  found 
beyond  the  big  bend  in  the  river  in  sections  15  and  16  of  the  same  town- 
ship. The  river  at  this  point  flows  eastward  and  the  locality,  which  is 
known  as  Lower  Falls,  is  a  short  distance  west  of  the  new  iron  bridge 
over  the  river.  The  exposures  consist  of  gray  and  pink  biotite  granite 
w^ith  large  included  masses  of  biotite  schist. 


*>Uphani,  Warren,  The  geology  of  Mille  Lacs  and  Kanabec  counties:     Geol,  and  Nat.  Hist, 
Survey  of  Minn,,  Ceol.  of  Minn.,  vol.  3,  1882-1885,  pp.  617  and  618. 
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Up  the  river  beyond  this  group  of  exposures  there  is  a  number  of 
scattered  granite  outcrops  as  far  as  the  mouth  of  Hay  Creek,  while  north 
and  northwest  of  the  mouth  of  Hay  Creek  exposures  again  increase  in 
abundance  and  cover  an  area  of  considerable  size  in  sections  i6  and  9. 
In  this  area  many  large  outcrops  occur  both  westward  along  Hay  Creek 
and  northward  along  Snake  River.  They  extend  up  Hay  Credc  for 
nearly  a  mile  and  up  Snake  River  from  the  mouth  of  Hay  Creek  about  a 
third  of  a  mile  to  a  place  known  as  Upper  Falls  where  a  reef  of  rocks 
nms  across  the  stream.  The  rocks  in  this  area  are  mostly  gray  and  pink 
biotite  granite,  but  locally  there  are  pegmatitic  facies  and  also  included 
bands  of  biotite  schist.    There  are  also  several  fine-grained  basic  dikes. 

Above  Upper  Falls  only  a  few  scattered  outcrops  are  found  along 
the  river  as  far  as  the  mouth  of  Cowan  Brook.  About  800  feet  above 
the  mouth  of  Cowan  Brook,  however,  near  the  northern  boundary  of 
section  9,  a  number  of  small  exposures  of  schist  and  granite  occur  on 
both  sides  of  Snake  River,  while  about  a  third  of  a  mile  farther  up  an 
important  group  of  exposures  is  found  along  Snake  River  and  east  in 
the  area  between  Snake  River  and  Cowan  Brook.  These  outcrops  are 
in  the  southeastern  part  of  section  4.  They  consist  mostly  of  light- 
colored  granite  with  local  gneiss  and  pegmatite.  The  entire  area  occupied 
by  the  outcrops  of  Lower  Falls,  Hay  Creek,  Upper  Falls,  and  Cowan 
Brook  is  about  2  miles  wide  east  and  west  and  2J/2  miles  long  north  and 
south. 

The  principal  exposures  at  Lower  Falls  extend  along  the  river  for 
a  distance  of  about  3,000  feet,  but  small  scattered  outcrops  continue 
both  up  and  down  the  river.  By  far  the  most  important  rock  is 
gray  and  pink  biotite  granite.  This  rock  is  medium-grained  and  hard 
and  fresh,  containing  abundant  quartz.  There  seems  to  be  no  distinct 
diflFerence  in  age  between  the  gray  and  the  pink  types,  the  former  grading 
into  the  latter  with  increasing  pink  feldspar.  As  far  as  can  be  deter- 
mined from  these  exposures,  there  is  no  sharp  line  between  them.  The 
amount  of  ferromagnesian  minerals  in  the  granite  is  usually  small,  giving 
the  rock  a  light  color. 

The  schist,  which  occurs  as  large  masses  surrounded  by  granite,  is 
principally  a  fine-grained,  quartzose  biotite  schist,  but  some  of  it  is 
coarsely  crystalline.  Locally  muscovite  occurs  with  the  biotite  and  along 
certain  streaks  and  bands  much  hornblende  is  developed.  Garnet  also  is 
commonly  disseminated  through  the  rock,  while  certain  hard  quartzitic 
lenses  have  an  interesting  development  of  molybdenite  around  the  bor- 
ders. The  larger  of  the  schist  masses  have  a  fairly  uniform  strike  east 
and  west  and  dip  to  the  south  at  angles  varying  between  50°  and  70°. 
They  are  cut  by  dikes  of  pink  granite  and  also  locally  by  pink  pegmatite 
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A.      GRANITE  AND    MICA    SCHIST  OUTCROPS   AT   LOWER   FALLS   OX    SNAKE  RIVER, 

KANABEC  COUNTY 


B*      GRANITE  EXPOSURES  AT   UPPER   FALLS  ON    SNAKE  RIVER.  KANABEC  COUNTY 
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dikes  consisting  of  quartz  and  pink  feldspar  with  abundant  muscovite. 
The  association  shows  that  the  granite  is  intrusive  into  the  schist,  the 
masses  of  the  latter  being  fragments  caught  in  the  granite.  If  the  schist 
is  of  upper  Huronian  age,  as  is  generally  supposed,  then  the  granite  is 
post-upper  Huronian  and  may  be  equivalent  to  certain  other  Keweenawan 
granitic  rocks  of  the  Lake  Superior  region.  Because  of  the  isolated 
situation  of  these  rocks,  however,  correlation  is  difficult,  and  the  age 
relationships  are  therefore  imcertain. 

The  rock  exposures  along  Hay  Creek  and  along  Snake  River  near 
Upper  Falls,  are  in  general  similar  to  those  at  Lower  Falls  in  that  they 
consist  largely  of  medium-grained  gray  and  pink  granite.  There  is  more 
p^matitic  rock,  however,  in  these  exposures  and  locally  also  the  granite 
is  quite  fine-grained  in  texture.  Pegmatite  is  especially  abundant  at 
Upper  Falls  and  along  both  sides  of  the  river  below  Uppei^,  Falls.  In 
places,  large  masses  of  very  qoarsely  crystalline  material  occur,  consisting 
of  pink  feldspar,  quartz,  and  muscovite,  with  locally  some  biotite.  Usually 
the  muscovite  is  in  large  flakes,  "but  some  of  the  pegmatite  has  sufltered 
deformation  and  the  muscovite  is  recrystallized  into  small  flakes  having 
a  fan-shaped,  foliated  structure  around  fragments  of  quartz  and  feld- 
spar. The  granite  also  in  a  few  places  has  suffered  deformation  and  has 
developed  a  gneissoid  texture.  In  one  or  two  places  it  has  even  become 
coarsely  schistose.  Dikes  of  very  fine-grained,  dark  greenish  gray  sub- 
silicic  igneous  rock  occur  in  the  river  at  Upper  Falls  and  at  the  dam  on 
Hay  Creek  about  a  mile  above  its  mouth.  The  one  at  Upper  Falls  shows 
diabasic  texture  while  the  one  on  Hay  Creek  appears  to  be  a  diorite. 
Masses  of  fine-grained  quartzose  biotite  schist  similar  to  that  at  Lower 
Falls  occur  locally  in  the  Hay  Creek  and  Upper  Falls  outcrops,  but  their 
development  is  not  as  abundant  as  in  the  former  locality. 

The  exposures  along  Snake  River  between  Upper  Falls  and  the  mouth 
of  Cowan  Brook  as  well  as  those  a  short  distance  above:  the  mouth  of 
Cowan  Brook  consist  of  light-colored  pink  and  gray  biotite  granite  with 
a  considerable  quantity  of  fine-grained  biotite  schist.  Those  above  the 
mouth  of  Cowan  Brook  contain  a  large  pegmatite  dike. 

The  outcrops  situated  in  the  area  between  Snake  River  and  Cowan 
Brook,  about  a  third  of  a  mile  above  the  mouth  of  the  latter,  consist  of 
light-colored  biotite  granite.  Both  the  pink  and  gray  types  occur,  most 
of  the  rock  being  very  low  in  ferromagnesian  minerals.  Muscovite  in 
small  flakes  is  abundantly  disseminated  through  it  locally.  In  a  few 
places  there  are  gneissoid  phases,  showing  distinct  banding. 

In  the  southwestern  part  of  section  21,  T.  43N.,  R.  23W.,  Aitkin 
County,  about  3  miles  north  of  the  Cowan  Brook  exposures,  there  are 
several  outcrops  of  schistose  and  banded  gneiss  along  Snake  River.  The 
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locality  is  known  as  Malloy  (or  Malloid)  Dam.  The  rock  seems  to  be 
a  deformed  and  recrystallized  granite.  It  varies  from  pink  or  white  to 
dark  gray  in  color.  Most  of  it  is  finely  crystalline  biotite  gneiss,  biotite, 
quartz,  and  feldspar  being  arranged  along  fine  laminae.  The  laminae  of 
biotite  are  very  thin,  while  those  of  quartz  and  feldspar  are  thicker  and 
more  irr^^lar.  There  may  be  20  or  30  thin  laminae  of  biotite  to  the 
inch  separated  by  thicker  laminae  of  quartz  and  feldspar.  Usually  the 
successive  laminae  are  closely  similar,  giving  the  rock  a  homogeneous 
and  schistose  appearance.  Locally,  however,  there  is  a  distinct  banding 
of  light  and  dark  layers  and  the  rock  becomes  a  banded  gneiss.  The  dip 
of  the  scbistosity  and  banding  varies  from  65**  to  80°  north,  the  strike 
being  nearly  east  and  west.  At  one  point  a  dike  of  pink  granite  cuts 
across  the  gneiss.  It  shows  no  deformation  whatever.  This  dike  rock 
is  identical  in  appearance  with  the  pink  granite  occurring  along  the  Snake 
River  in  Kanabec  County  which  contains  included  masses  of  schist. 
It  appears  that  the  gneiss  and  schist  are  older  formations  which  have 
been  rendered  schistose  previous  to  the  intrusion  of  the  granite.  The 
granite  predominates  to  the  south  in  Kanabec  County,  while  gneiss  and 
schist  predominate  to  the  north  in  Aitkin,  Pine,  and  Carlton  coimties. 

Southwest  of  McGrath,  a  station  on  the  Minneapolis,  St.  Paul,  and 
Sault  Ste.  Marie  Railroad  east  of  Mille  Lacs  Lake,  many  outcrops  of 
fairly  coarse  pink  augen-gneiss  occur  on  both  sides  of  the  east-west  road 
running  between  section  i  and  section  12,  and  section  2  and  section  11, 
T.  43N.,  R.  24W.  The  outcrops  extend  for  a  mile  along  the  road  and  all 
seem  to  be  composed  of  the  same  kind  of  rock.  The  rock  at  one  time 
was  apparently  a  fairly  coarse-grained  granite  with  numerous  prominent 
crystals  of  feldspar  and  some  of  quartz.  Deformation  occurred,  and 
during  this  process  the  biotite  and  some  of  the  quartz  and  feldspar  were 
crushed  and  recrystallized.  Other  quartz  and  feldspar  crystals,  how^ever, 
resisted  deformation  and  remained  as  lentils  or  buttons  around  which 
the  crushed  material  recrystallized,  giving  the  rock  a  wavy,  foliated  tex- 
ture. The  buttons  of  quartz  and  feldspar  are  coarse-grained,  many  con- 
sisting of  a  single  crystal,  while  the  crushed  and  recrystallized  material 
is  fine-grained.  The  foliated  structure  is  fairly  regular.  It  strikes  about 
N.  70°  W.  and  the  dip  is  vertical  or  steeply  inclined  to  the  south. 

Augen-gneiss  similar  to  that  occurring  near  McGrath,  as  well  as 
banded  and  schistose  gneiss,  are  found  cropping  out  at  several  places 
west  and  south  of  Denham,  a  station  on  the  Minneapolis,  St.  Paul,  and 
Sault  Ste.  Marie  Railroad  in  Pine  County,  about  20  miles  northeast  of 
McGrath.  The  distribution  of  the  outcrops  indicates  that  the  southern 
part  of  Aitkin  County  and  the  northwestern  part  of  Pine  County  are 
largely  underlain  by  gneiss,  which  is  bounded  on  the  south  by  granite 
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and  on  the  north  by  metamorphosed  sediments  such  as  schist  and  slate. 

The  most  westerly  of  these  exposures  are  in  the  southwestern  part 
of  section  35,  T.  45N.,  R.  22W.,  Aitkin  County,  along  the  north  and 
south  road  south  of  Arthyde.  Two  exposures  occur  in  the  road.  One 
of  them  consists  of  pink  augen-gneiss  very  similar  to  that  at  McGrath, 
while  the  other  consists  of  finely  laminated,  dark-colored  schistose  gneiss, 
with  thin  lentils  of  crushed  pink  feldspar  and  quartz.  The  dark  color 
is  due  to  the  abundance  of  biotite  which  occurs  in  fine  laminae.  The 
rock  is  probably  a  more  metamorphosed  phase  of  the  augen-gneiss. 

About  2  miles  west  of  Denham  a  rock  cut  along  the  railroad  in  sec- 
tion 21  T.  45N.,  R.  21W.,  Pine  County,  shows  dark-colored,  schistose 
gneiss.  The  degree  of  metamorphism  varies  in  different  parts  so  that  in 
places  the  rock  is  a  perfect  schist,  finely  laminated,  consisting  largely  of 
biotite,  while  elsewhere  it  is  more  massive  and  contains  abtmdant  feld- 
spar and  quartz.  This  variation  produces  a  rough  banding  more  or  less 
parallel  to  the  foliation.  The  foliation  or  schistosity  strikes  roughly  east 
and  west,  and  dips  to  the  north  at  angles  varying  between  70°  and  80**. 
The  rock  is  similar  to  that  in  one  of  the  outcrops  south  of  Arthyde  but 
the  "augen"  structure  is  less  marked. 

About  1/4  miles  south  of  the  locality  just  described,  on  the  north 
and  south  road  between  sections  33  and  34,  T.  45N.,  R.  21W.,  pink 
augen-gneiss  similar  to  that  at  McGrath,  outcrops  at  several  places  while 
a  mile  further  south  between  sections  3  and  4,  T.  44N.,  R.  21W.,  other 
exposures  of  the  same  type  of  rock  are  found.  In  the  latter  locality  the 
gneiss  shows  a  considerable  amount  of  muscovite. 

Several  exposures  of  gneiss  with  associated  hornblende  schist  are 
located  in  the  western  part  of  the  township  of  Bremen,  T.  44N.,  R.  21W. 
The  most  northerly  of  these  are  found  along  the  northern  headwaters  of 
Pine  River  in  the  northeastern  comer  of  section  17  and  adjacent  parts 
of  sections  t6,  8,  and  9.  An  outcrop  on  the  west  bank  of  the  stream 
near  the  east  quarter  post  of  section  17  consists  of  pink  gneiss,  very 
coarse  and  containing  muscovite  and  biotite  along  foliation  planes.  The 
foliation  strikes  approximately  east  and  west  and  dips  about  50®  S. 
Along  the  north  and  south  section  road,  near  the  northeast  comer  of  sec- 
tion 17,  and  extending  into  the  adjoining  sections  to  the  east  and  north, 
are  several  exposures  of  dark  reddish  gneiss  with  closely  spaced  foliation 
planes  and  of  very  dark,  almost  black,  finely  laminated  hornblende  schist. 
The  gneiss  contains  abundant  mica  along  foliation  planes,  the  close  spac- 
ing of  which  indicates  intense  deformation  and  metamorphism.  The 
hornblende  schist  shows  continuous  fine  laminae  of  hornblende  alter- 
nating with  laminae  of  quartz  and  feldspar.  The  hornblende  is  by  far 
the  most  abundant  mineral  in  the  schist  and  produces  a  schistosity  parallel 
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to  the  lamiDation.  The  hornblende  schist  appears  to  be  a  phase  of  the 
gneiss  but  the  relation  of  the  two  rocks  could  not  be  determined.  The 
general  dip  of  the  foliation  in  these  outcrops  is  35^  S. 

The  other  outcrops  in  the  township  of  Bremen  are  located  along  a 
branch  of  Pine  River  on  both  sides  of  the  north  and  south  section  line 
between  sections  19  and  20.  The  principal  exposures  are  found  on  both 
the  north  and  south  banks  of  the  stream  south  of  the  east  and  west 
quarter  line.  They  consist  of  pink,  fresh  looking,  distinctly  foliated 
gneiss,  some  of  which  shows  a  somewhat  indistinct  ^'augen"  texture  and 
some  the  more  r^ular  interbanding  of  feldspar  and  quartz  with  mica. 
The  former  as  a  rule  is  more  coarsely  crystalline  than  the  latter.  The 
ferromagnesian  minerals  occur  along  foliation  planes,  both  biotite  and 
hornblende  being  present.  The  foliation  planes  as  a  rule  are  thin,  irr^^u- 
lar,  and  discontinuous,  but  locally  they  widen  forming  lense*like  bunches 
of  dark  minerals.  The  general  dip  of  the  foliation  is  to  the  south,  vary- 
ing between  40^  and  80^. 

A  group  of  small  rock  exposures  occurs  a  short  distance  south  of  the 
stream  near  the  south  line  of  section  20  not  far  from  the  southwest  cor- 
ner. These  are  of  gneiss.  Hornblende  and  biotite  schists  also  occur 
here.  The  gneiss  varies  in  texture  from  very  coarsely  crystalline  to 
medium  finely  crystalline  and  in  color  from  gray  to  pink.  Nearly  all  of 
it  is  distinctly  but  irregularly  banded.  In  some  places  the  s^^^iation  of 
light  and  dark  minerals  is  very  perfect,  so  that  white  or  pink  bands  of 
intermixed  feldspar  and  quartz  ranging  up  to  half  an  inch  thick  are 
interlayered  with  darker  bands  of  feldspar,  quartz,  and  ferromagnesian 
minerals.  The  hornblende  and  biotite  schists  are  dark-colored,  often 
black  or  greenish  black  and  generally  are  finely  and  r^^larly  laminated 
due  to  interlayering  of  fine-grained  feldspar,  quartz,  and  ferromagnesian 
minerals,  mainly  hornblende.  The  ferromagnesian  minerals  are  much 
more  abundant  than  the  light-colored  minerals,  but  locally  layers  up  to  a 
fourth  of  an  inch  in  thickness,  consisting  almost  entirely  of  feldspar  and 
quartz,  occur  interlaminated  with  the  dark  minerals.  Some  of  the  schist 
shows  irregular  undulatory  lamination  and  marked  schistosity,  usually 
being  more  coarsely  crystalline  and  appearing  to  have  suffered  greater 
metamorphism  than  the  more  regularly  banded  schist.  Most  of  the  schist 
is  fairly  pure  hornblende  schist,  but  local  phases  show  a  considerable  ad- 
mixture of  biotite.  Interesting  phases,  gradational  in  texture  as  well  as  in 
mineral  composition,  occur  between  the  gneiss  and  the  schists.  In  some 
of  these  the  light  and  dark-colored  minerals  are  almost  equally  abtmdant 
and  light-colored  layers  are  interbanded  with  dark-colored  layers.  Some 
of  them  show  gneissoid,  and  some  show  schistose  textures.  It  seems 
quite  clear,  therefore,  that  the  gneiss  and  schists  belong  to  the  same  rock 
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mass,  the  one  representing  the  more  silicic  and  the  other  the  less  silicic 
portions  of  it.  The  latter  appear  to  have  yielded  more  readily  to  de- 
fonnational  forces.  The  dip  of  the  foliation  and  schistosity  is  to  the 
south  at  angles  varying  between  40°  and  70**. 

A  number  of  exposures  of  augen-gneiss  of  considerable  size  occur  in 
the  southeastern  part  of  the  NE54  of  section  36,  T.  45N.,  R.  21W.  The 
outcrops  are  about  lyi  miles  south  of  Denham  and  a  short  distance  south 
of  a  group  of  exposures  of  interesting  metamorphosed  sedimentary  rocks 
found  in  the  southeastern  portion  of  section  25  which  is  described  later. 
An  isolated  exposure  of  dark  greenish  black  homblende-biotite  schist  is 
found  north  of  the  gneiss  outcrops  about  half-way  between  them  and 
the  outcrops  of  n^etamorphosed  sediments. 

Most  of  the  rock  composing  the  gneiss  exposures  is  a  gray  to  pink 
augen-gneiss  with  distinct  undulatory  foliation.  The  large  crystals  form- 
ing the  augen  are  of  pink  feldspar  and  present  all  stages  of  crushing,  the 
foliation  in  the  ground-mass  curving  arotmd  them.  The  ground-mass  is 
mainly  quartz,  feldspar,  biotite,  and  muscovite,  all  finely  crystalline.  In 
some  phases  muscovite  is  present  almost  to  the  exclusion  of  biotite.  A 
small  mass  of  biotite  schist  is  found  in  one  of  the  outcrops.  It  contains 
considerable  feldspar  and  is  probably  a  sheared  basic  inclusion. 

The  homblende-biotite  schist  found  north  of  the  gneiss  outcrops  is 
similar  to  that  occurring  in  Bremen  township.  It  shows  a  distinct,  ir- 
r^^lar  schistosity,  but  the  lamination  is  not  very  marked.  Hornblende 
predominates,  while  biotite  and  quartz  and  feldspar  are  present  in  minor 
amounts.  This  is  the  easternmost  outcrop  of  gneiss  known  in  central 
Minnesota. 

OUTCROPS  OF  SUBSILICIC  IGNEOUS  ROCKS 
TODD  COUNTY 

Outcrops  of  several  kinds  of  coarse-grained,  subsilicic  igneous  rocks 
occur  in  the  northern  part  of  Todd  County.  They  are  situated  on  Long 
Prairie  River  at  the  mouth  of  Fishtrap  Creek  and  along  Fishtrap  Creek 
for  about  1,300  feet  above  its  mouth.  The  principal  exposures  consist 
of  coarse-grained,  dark  greenish  or  brownish  black  gabbro.  The  largest 
outcrop  of  this  rock  is  at  the  mouth  of  Fishtrap  Creek,  but  numerous 
small  outcrops  extend  southward  up  the  creek,  occurring  on  both  banks 
of  the  stream.  The  last  exposure  up  stream  is  an  isolated  outcrop  found 
on  the  west  bank  a  short  distance  above  the  first  road  bridge.  This  bridge 
is  1,000  feet  from  the  mouth  of  the  creek. 

Besides  the  gabbro  there  are  a  few  outcrops  of  anorthosite.  One 
of  these  is  on  the  east  side  of  Fishtrap  Creek  near  its  mouth,  and  another 
is  at  the  road  bridge  over  Fishtrap  Creek  mentioned  above. 


Digitized  by  VjOOQIC 


so  GEOLOGY  OF  EAST  CENTRAL  MINNESOTA 

The  gabbro  has  suffered  considerable  alteration  so  that  it  consists 
principally  of  feldspar  and  secondary  hornblende.  The  feldspar  is  more 
or  less  altered  to  saussurite  and  locally  to  muscovite  and  quartz.  Apatite 
and  magnetite  are  abundant  in  the  rock  and  biotite  also  is  present.  The 
hornblende  is  secondary  after  diallage,  traces  of  which  are  found  in  a 
few  of  the  outcrops,  notably  in  the  one  above  the  bridge.  The  rock  in 
its  original  fresh  state,  therefore,  consisted  mainly  of  feldspar  and  dial- 
lage  with  biotite,  apatite,  and  magnetite  as  accessory  constituents.  The 
anorthosite  is  composed  almost  entirely  of  feldspar,  some  of  which  has 
been  partly  altered  to  saussurite  and  some  to  muscovite  and  quartz. 

A  short  distance  east  of  the  station  of  Philbrook,  about  2,000  feet  up 
Fishtrap  Creek  from  the  southernmost  of  the  exposures  just  mentioned, 
there  are  a  few  small  outcrops  of  coarse-grained  greenish  rock  very  much 
altered.  Most  of  the  rock  is  composed  of  saussuritized  feldspar,  green 
hornblende,  and  epidote,  but  some  phases  of  it  consist  almost  entirely  of 
altered  feldspar.  Magnetite  is  abundant.  The  rock,  although  somewhat 
lighter  in  color,  is  similar  in  texture  to  the  gabbro  and  anorthosite  occur- 
ring near  the  mouth  of  Fishtrap  Creek  and  it  seems  probable  that  it 
represents  a  further  alteration  phase  of  these  rocks. 

MORRISON,  BENTON,  AND   STEARNS   COUNTIES 

Several  exposures  of  subsilicic  and  intermediate  igneous  rock  are 
found  in  the  vicinity  of  Little  Falls,  Morrison  County.  One  of  these 
is  at  Williams'  quarry  in  the  northeast  quarter  of  section  13,  T.  129N., 
R.  30W.,  about  a  mile  northeast  of  Little  Falls.  The  rock  varies  greatly 
in  texture  at  different  points  in  the  quarry.  Some  of  it  is  dense  and  fine- 
grained and  has  a  uniform  dark  gray  color,  while  other  phases  are 
coarser  grained  and  have  a  speckled  appearance  due  to  intermixed  light 
and  dark-colored  minerals.  The  latter  vary  considerably  in  size  of  grain, 
as  well  as  in  color.  In  some,  feldspars  predominate;  in  others,  ferro- 
magnesian  minerals.  The  various  rocks  have  a  fairly  uniform  mineral 
composition,  except  that  the  coarser  grained  varieties  have  suffered 
greater  alteration. 

The  fine-grained  type  consists  of  feldspar  and  pyroxene,  the  former 
predominating.  It  is  fairly  even-grained,  but  occasional  larger  crystals 
of  pyroxene  occur.  Fine  particles  of  magnetite  are  scattered  throughout 
the  rock.  Much  of  the  feldspar  shows  partial  alteration  to  granular 
kaolin,  while  the  pyroxene  shows  practically  no  alteration.  The  coarser 
grained  type  consists  mainly  of  feldspar  and  hornblende,  the  latter  being 
secondary  after  pyroxene.  Locally  much  of  the  hornblende  shows  ir- 
regular cores  of  pyroxene,  the  hornblende  forming  a  border  of  varying 
thickness.  Most  of  the  hornblende  shows  pleochroism  from  bluish  green 
to  light  yellowish  green.    Some  of  it  is  greenish  brown.    Both  varieties 
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of  hornblende  show  pyroxene  cores  in  places,  but  elsewhere  the  pyroxene 
has  entirely  disappeared.  The  feldspar  is  slightly  altered  to  kaolin.  A 
small  amount  of  biotite  (or  phlogopite)  is  quite  generally  distributed 
through  both  types  of  rock,  while  locally  large,  very  thin,  flakes  of  phlogo- 
pite occur,  giving  the  rock  a  bronzy  appearance.  In  the  phases  of  the 
rock  rich  in  phlogopite,  the  pyroxene  is  quite  fresh,  and  much  brown 
hornblende  occurs  in  irregular  masses  which  has  the  appearance  of  being 
original.  It  is  quite  probable  that  a  considerable  amount  of  both  brown 
and  green  hornblende  is  original.  Locally  the  feldspar  predominates 
over  the  ferromagnesian  minerals  to  such  an  extent  as  to  give  the  rock 
a  very  light  color.  Specks  and  irregular  grains  of  magnetite  are  numer- 
ous, especially  in  association  with  pyroxene,  while  grains  of  quartz  occur 
rarely.    In  general  the  rock  has  the  composition  of  a  diorite. 

The  diorite  at  Williams'  quarry  and  the  syenite  occurring  on  the  east 
bank  of  Mississippi  River  at  Little  Falls,  are  within  a  region  in  which 
slate  and  schist  of  sedimentary  origin  predominate.  As  the  metamor- 
phosed sediments  have  a  fairly  definite  and  regular  structure  throughout, 
it  would  seem  that  the  igneous  rocks  are  probably  intrusive  into  them, 
although  contacts  between  them  have  not  been  found. 

An  outcrop  of  hard,  dark  rock  occurs  on  the  west  bank  of  Mississippi 
River  about  three  quarters  of  a  mile  below  the  bridge  of  the  Minneapolis, 
St.  Paul,  and  Sault  Ste.  Marie  Railroad,  in  section  32,  T.  128N.,  R.  29W. 
It  forms  rapids  in  the  river,  known  as  Blanchard's  Rapids,  and  out- 
crops of  it  are  found  on  the  east  bank  also.  The  rock  is  medium  coarse 
grained  and  contains  abundant  pyroxene  and  calcic  feldspar  with  locally 
phlogopite.  It  resembles  gabbro  in  composition.  Only  a  short  distance 
above  these  outcrops,  along  the  river  bank,  are  exposures  of  staurolitic 
and  garnetiferous  biotite  schist  which  are  apparently  the  southernmost 
outcrops  of  these  rocks  on  Mississippi  River.  The  relation  of  the  schist  to 
the  igneous  rock  could  not  be  definitely  determined.  Judging  from  the  fact, 
however,  that  the  cleavage  of  the  schist  strikes  in  the  direction  of  the 
gabbro  it  would  seem  that  the  latter  is  intrusive,  as  is  the  case  with  the 
other  subsilicic  or  dark  igneous  rocks  in  the  vicinity  of  Little  Falls. 

The  occurrence  of  a  dark-colored  hornblende  rock  on  Skunk  River 
near  the  locality  known  as  Rucker,  in  the  northwestern  part  of  Morri- 
son County,  has  already  been  mentioned.  The  rock  is  dark  grayish  in 
color  and  contains  abundant  specks  of  granular  hornblende.  It  is  prof)- 
ably  a  hornblende  syenite,  but  may  approach  a  diorite  in  composition. 

The  outcrops  of  various  rocks  of  intermediate  composition  in  Benton 
and  Stearns  counties  have  been  mentioned  in  connection  with  the  descrip- 
tions of  the  outcrops  of  silicic  igneous  rocks  of  these  counties,  while  the 
occurrence  of  gabbro  also  has  been  noted.  Diorite  is  mentioned  as  oc- 
curring in  the  vicinity  of  Watab  in  the  western  part  of  Benton  County, 
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and  near  Torah  (Richmond)  and  Cold  Spring  in  the  southern  part  of 
Steams  County.  Only  one  group  of  gabbro  exposures  is  known  in  this 
r^on,  being  located  in  the  northeastern  comer  of  T.  125N.,  R.  29W., 
and  adjacent  parts  of  T.  125N.,  R.  28W.,  in  Steams  County.  It  occupies 
portions  of  several  contiguous  sections.^ 

AITKIN,  CASLTON,  AND  PINE  COUNTIES 

Among  the  most  important  rock  outcrops  in  central  Minnesota  with  ref- 
erence to  the  geology  of  the  Cuyuna  district,  are  those  of  quartzite.  diorite, 
and  diabase  on  the  shores  of  Dam  Lake  and  Long  Lake  in  central  Aitkin 
County,  about  3  to  6  miles  south  of  Kimberly.  There  are  two  quartzite 
outcrops,  both  located  on  the  northwest  shore  of  Dam  Lake,  one  in  sec- 
tion 34  and  the  other  in  section  35,  T.  47N.,  R.  25W.  They  are  described 
in  connection  with  the  metamorphic  rocks.  The  diabase  and  diorite  out- 
crops are  southwest  of  the  quartzite  outcrops  occurring,  on  both  the  east 
and  west  sides  of  Long  Lake  in  sections  9  and  10,  T.  46N.,  R.  25W. 

The  outcrops  in  section  9  are  by  far  the  most  extensive,  occupying 
an  area  of  8  or  10  acres  west  of  the  southwestern  end  of  Long  Lake. 
The  rock  is  dark  green  in  color  and  is  in  general  fine-grained.  Medium 
coarse-grained  phases,  however,  occur  as  well.  All  show  a  distinct  dia- 
basic  texture.  The  rock  appears  to  be  less  silicic  in  character  and  darker 
in  color  than  that  composing  the  outcrops  east  of  Long  Lake.  It  con- 
sists of  pyroxene,  basic  feldspar,  and  green  hornblende.  Scattered  quartz 
grains  occur  frequently  and  magnetite  is  disseminated  through  it.  The 
rock  is  massive  and  fresh-looking. 

On  the  east  side  of  the  lake  two  small  groups  of  outcrops  occur ;  one 
along  the  top  of  an  elevation  overlooking  the  northeastem  part  of  the 
lake,  and  the  other  one  a  short  distance  from  the  mouth  of  a  small  brook 
which  empties  into  the  southeastern  part  of  the  lake.  Both  occur  in  sec- 
tion 10. 

The  group  of  outcrops  at  the  northeastem  end  of  the  lake  consists  of 
three  or  four  exposures,  all  of  them  quite  small.  The  rock  is  medium 
to  dark  gray  in  color  and  massive,  resembling  diorite  in  appearance.  It 
is  medium  to  fine  grained  and  consists  of  feldspar  and  pyroxene  with 
some  green  hornblende  and  mica  and  scattered  pyrite  specks. 

The  outcrops  on  the  southeastern  side  of  the  lake  are  on  the  banks 
of  a  small  brook  about  200  feet  from  its  mouth.  Two  types  of  rock  occur 
here.  One  is  a  gray  massive  rock  similar  to  that  occurring  at 
the  northeastem  end  of  the  lake,  while  the  other  is  a  lighter 
gray,    schistose,    micaceous    rock    which    appears    to   be   an    alteration 
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product  of  the  massive  rock.  The  schistose  rock  is  found  along  irregular 
zones  in  the  massive  rock,  all  gradations  occurring  along  the  contacts. 
The  rock  is  finely  and  distinctly  laminated,  white  laminae,  probably  of 
crushed  feldspar,  being  interlayered  with  gray  laminae  containing  mica 
and  other  ferromagnesian  minerals.  The  most  conspicuous  mineral  in 
it  is  white  mica  which  occurs  in  tiny  flakes  parallel  to  the  lamination  and 
produces  the  schistosity. 

The  igneous  rocks  at  Long  Lake  are  designated  by  Van  Hise  and 
Leith**  as  Keweenawan,  and  are  believed  to  be  intrusive  into  the  upper 
Huronian  metamorphosed  rocks  of  this  r^on.  Winchell,**  on  the  other 
hand,  believed  that  they  are  equivalent  to  the  Keewatin  greenstone  of 
northern  Minnesota,  and  that  they  formed  the  basement  on  which  the  later 
sediments  were  deposited.  The  former  draw  their  conclusions  from  the 
fact  that  ntunerous  dikes  of  subsilic  igneous  rock  similar  to  those  occurring 
at  Long  Lake  are  found  in  Carlton  County,  and  elsewhere  cutting  schists 
and  slates  of  upper  Huronian  age,  while  the  latter  notes  the  similarity 
between  these  rocks  and  the  greenstone  of  the  Vermilion  district  and 
believes  that  the  quartzite  at  Dam  Lake  overlies  them. 

There  are  a  number  of  localities  in  the  Cuyuna  iron-ore  district 
where  subsilicic  and  intermediate  rocks  have  been  shown  by  drilling  to 
be  interlayered  with  the  series  of  metamorphosed  sedimentary  rocks,  and 
seem  to  have  been  deformed  with  them.  They  are  evidently  not  basement 
rocks  on  which  the  metamorphosed  series  was  deposited,  nor  are  they 
later  intrusives  in  the  series.  Such  rocks  are  evidently  of  approximately 
the  same  age  as  the  metamorphosed  rocks,  and  bear  a  relation  to  them 
similar  to  that  which  the  Hemlock  volcanic  rocks  bear  to  the  middle 
Huronian  metamorphosed  sediments  of  the  Crystal  Falls  district  of 
Michigan. 

Subsilicic  rocks  of  this  character  that  have  suifered  considerable 
deformation  and  alteration  are  found  outcropping  at  a  number  of  locali- 
ties in  Carlton  and  Aitkin  counties  besides  the  Long  Lake  area  already 
mentioned.  Some  of  these  occurrences  simply  exhibit  schistosity  while 
in  others  considerable  metamorphism  and  recrystallization  of  the  minerals 
have  taken  place.  The  rock  differs  distinctly  from  that  which  occurs  as 
dikes  and  intrusive  masses  in  the  slate  occurring  along  St.  Louis  River 
or  in  the  schist  and  slate  of  the  Cuyuna  district.  While  it  is  not  impos- 
sible that  post-Keweenawan  deformation  may  have  produced  changes  in 
these  rocks,  it  seems  more  logical,  in  view  of  the  fact  that  igneous  rocks 
are  known  to  be  associated  with  the  schists  of  the  Cuyuna  district,  to 
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class  the  more  altered  types  of  subsilicic  and  intermediate  igneous  rocks 
with  this  older  group. 

Carlton  County  contains  outcrops  of  subsilicic  igneous  rocks  both  of 
the  older  and  the  later  types  in  many  places. 

In  the  NW54  of  SW^  of  section  19,  T.  47N.,  R.  21W.,  a  short  dis- 
tance north  and  west  of  Dead  Moose  River,  and  just  east  of  the  boundary 
line  between  Carlton  and  Aitkin  counties,  are  several  low  exposures  of 
subsilicic  igneous  rock.  At  the  western  end  the  group  of  outcrops  is 
covered  for  the  most  part  by  large  boulders.  In  the  central  and  eastern 
parts,  however,  the  outcrops  rise  a  few  feet  above  the  surrounding  area 
and  slope  gradually  toward  the  river.  The  exposures  occupy  an  area 
about  1,500  feet  long  east  and  west,  by  400  feet  wide  north  and  south. 
The  rock  along  the  north  and  south  sides  of  the  group  of  outcrops  is 
medium  coarse-grained  and  of  a  dull  grayish  green  color.  It  is  made  up 
largely  of  feldspar  and  hornblende  with  probably  some  pyroxene  and 
small  scattered  crystals  of  magnetite  and  pyrite.  It  may  be  a  diorite  or 
an  altered  gabbro.  In  the  center  of  the  group  of  outcrops  between  the  two 
areas  of  medium  coarse-grained  rock,  is  a  dull,  dark  gray  rock  with  fine- 
grained texture.  This  rock  has  suffered  considerable  alteration  so  that 
it  is  difficult  to  tell  its  nature  without  thin  sections.  It  contains  consid- 
erable carbonate,  and  from  field  relations  it  appears  that  the  rock  is  prob- 
ably derived  from  the  alteration  of  the  original  diorite  or  gabbro.  In 
the  central  part  of  the  area  of  this  rock  is  a  light  gray,  crystalline,  car- 
bonate rock  made  up  largely  of  carbonate  and  quartz  with  scattered 
pyrite  crystals.  Under  surface  conditions,  the  carbonate  in  it  alters  to 
a  hydrous  oxide  of  iron,  suggesting  that  at  least  part  of  it  is  iron  car- 
bonate. Quartz  veins  and  pegmatite  dikes,  vertical  or  dipping  steeply  to 
the  south  and  trending  about  east  and  west,  cut  the  other  rocks.  At  the 
contact  of  the  medium  coarse  hornblende- feldspar  rock  and  the  fine- 
grained altered  rock,  some  shearing  has  taken  place,  giving  the  rock  a 
slightly  banded  structure.  The  bands  strike  N.  56°  W.,  and  dip  steeply 
to  the  south. 

In  the  SW^  of  SEJ4  of  section  20,  T.  46N.,  R.  21W.,  on  the  land 
of  L.  Pevon,  an  outcrop  of  fine-grained  diabase  occurs  south  and  ea^ 
of  the  farm-house.  The  main  outcrop  trends  a  little  north  of  east  for 
a  distance  of  about  300  feet,  while  a  smaller  exposure  which  is  badly 
decomposed  by  weathering,  occurs  about  100  feet  farther  east.  The  rock 
is  a  dark  gray  or  green,  massive,  fine-grained,  altered  diabase.  Small 
grains  of  pyrite  occur  abundantly  throughout  the  mass.  Near  the  center 
of  the  outcrop  a  belt  of  schistose  rocks  from  5  to  8  feet  wide  extends 
from  north  to  south.  Running  parallel  with  the  schistosity  are  narrow 
white  bands  of  calcite.    From  the  field  relations,  it  appears  that  shearing 
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has  taken  place  between  the  two  masses  of  diabase,  and  this  schist  is  a 
shear  zone  product.  The  strike  of  the  schistosity  is  about  N.  40°  E.  and 
the  dip  is  67^  southeast.  At  the  west  end  of  the  outcrop  is  a  quartz  vein 
six  inches  wide  striking  east  and  west  and  dipping  steeply  to  the  south. 
On  both  sides  of  this  vein  for  a  few  inches  from  the  contact  the  rock 
also  is  schistose.  All  gradations  can  be  found  in  the  outcrop  from  the 
schistose  phases  to  the  massive  diabasic  phases.  In  this  respect  it  re- 
sembles somewhat  the  exposure  occurring  on  the  southeast  side  of  Long 
Lake  in  Aitkin  County.  The  occurrence  of  the  schist  indicates  that  the 
rock  has  suffered  considerable  metamorphism  after  it  was  intruded. 

Several  outcrops  of  dark  igneous  rock  occur  on  both  sides  of  the  north- 
south  road  between  sections  14  and  15,  T.  46N.,  R.  21W.  The  typical 
rock  is  a  greenish  black,  very  fine-grained  diabase,  but  schistose  phases 
occur  intermixed  with  the  massive  rock.  The  southernmost  exposure 
lies  about  60  feet  west  of  the  road  and  about  750  feet  north  of  the  south- 
east comer  of  section  15.  It  consists  mainly  of  light  greenish  gray  horn- 
blende schist,  impregnated  with  specks  of  pyrite  and  containing  small 
scattered  crystals  of  feldspar  and  calcite.  The  strike  of  the  schistosity 
is  N.  70°  E.,  and  the  dip  is  about  50°  to  the  south.  The  next  outcrop  to 
the  north  in  this  group  is  50  feet  south  of  the  quarter  line.  The  larger 
part  of  the  exposure  lies  in  section  15;  but  it  crosses  the  road  and  extends 
a  few  feet  into  section  14.  It  is  a  dark  grayish  green,  or  greenish  black, 
dense,  fine-grained  diabase,  made  up  principally  of  fine  lath-shaped 
crystals  of  feldspar  with  associated  hornblende,  pyroxene,  and  scattered 
crystals  of  pyrite  and  magnetite.  The  central  part  of  the  outcrop  is 
slightly  sheared,  developing  an  incipient  schistosity.  The  original  texture 
is  still  retained,  but  it  has  undergone  some  alteration  along  the  shear 
planes  where  an  abundance  of  mica  has  developed.  A  quartz  vein  a  foot 
and  a  half  wide  with  a  vertical  dip,  and  trending  almost  due  north  and 
south,  cuts  the  west  end  of  the  outcrop,  while  smaller  stringers  of  quartz 
and  pegmatitic  material  are  of  frequent  occurrence.  Most  of  them  fill 
north  and  south  joints,  but  a  few  run  east  and  west.  The  remaining  out- 
crop in  the  group  consists  of  two  small  exposures  of  rock  similar  to  that 
described  above,  located  about  200  feet  north  of  this  on  the  west  side 
of  the  road,  and  a  larger  one  situated  about  780  feet  north  of  the  quarter 
line  on  the  east  sicje  of  the  road.  The  latter  outcrop  occurs  at  the  road- 
side and  extends  eastward  for  about  300  feet.  The  rock  differs  from 
that  described  above  in  being  more  schistose.  The  schistosity  strikes 
about  N.  65°  E.,  and  dips  about  50°  to  the  south.  Some  phases  of  this 
rock  consist  of  well  developed  schist.  Scattered  through  parts  of  the 
rock  are  small  white  spots  made  up  principally  of  white  feldspar,  giving 
the  rock  a  mottled  appearance.  These  are  elongated  parallel  to  the  schis- 
tosity.    Along  the  shearing  planes,  some  of  which  show   slickensides, 
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sericite  is  abundantly  developed.  This  rock,  as  far  as  its  general  appear- 
ance is  concerned,  is  similar  to  that  in  the  NE^  of  NEJ^  of  section  4, 
T.  46N.,  R.  21W.,  described  below. 

Two  small  outcrops  of  dark  igneous  rock  occur  in  the  NEj4  of  NEj4 
of  section  4,  T.  46N.,  R.  21W.,  on  the  land  of  William  Michalski.  The 
outcrops  lie  in  the  cleared  field  between  the  road  and  the  house.  The 
rock  is  medium-grained,  light  grayish  green  diabase,  considerably  altered. 
In  the  easternmost  outcrop  the  rock  is  massive,  while  in  the  outcrop  to 
the  west  the  rock  has  suffered  considerable  dynamic  metamorphism  pro- 
ducing a  schistose  structure.  The  schistosity  strikes  about  N.  65®  E.  and 
dips  about  45^  to  the  south.  The  rock  contains  long,  slender  plagiodase 
crystals  imbedded  in  a  light  green  to  gray,  fine-grained  ground-mass. 
Occurring  abundantly  throughout  the  rock  are  larger  crystals  of  white 
feldspar  largely  altered  to  calcite,  giving  the  rock  a  porphyritic  appear- 
ance. Calcite  occurs  not  only  as  an  alteration  of  the  large  crystals,  but 
also  abundantly  in  the  fine-grained  matrix. 

In  section  28,  T.  47N.,  R.  20W.,  about  600  feet  due  east  of  the  west 
quarter  post,  an  outcrop  of  highly  altered  diabase  occurs  on  the  face  of 
an  escarpment  which  rises  about  25  feet  above  the  bottom  of  the  valley 
of  Kettle  River.  The  escarpment  runs  about  N.  30**  E.  and  for  about  175 
feet  the  rock  is  exposed  along  it.  The  diabase  is  massive,  dull,  grayish 
green  and  very  fine-grained.  Calcite  occurs  as  an  alteration  of  the  feld- 
spar, but  the  original  diabasic  texture  is  still  retained.  Besides  chlorite 
and  hornblende,  which  are  probably  mainly  alteration  products,  there  are 
small  grains  and  aggregates  of  magnetite  and  pyrite.  Quartz  veins  are 
abundant  and  thin  films  of  quartz  occur  along  the  joint  planes. 

On  the  opposite  side  of  Kettle  River  from  the  outcrops  described 
above,  about  100  feet  south  of  the  northeast  comer  of  NWJ4  of  the 
SWJ4,  section  28,  T.  47N.,  R.  20W.,  two  small  exposures  of  rock  lie 
at  the  water's  edge  on  the  bank  of  the  river.  About  300  feet  southwest- 
ward  a  low  escarpment  rises  20  feet  above  the  river.  Near  the  edge  of 
the  latter,  also,  rock  is  exposed  for  a  distance  of  about  125  feet.  The 
rock  composing  these  exposures  is  a  dark  grayish  green,  finely  crystalline, 
igneous  rock,  much  of  which  shows  a  fine  ophitic  texture.  In  places  the 
rock  is  dense,  while  elsewhere  it  shows  a  well-developed  schistosity.  The 
strike  of  the  schistosity  is  about  N.  45^  E.  and  the  dip  is  70**  to  the  south- 
east. The  outcrops  in  section  28  have  the  appearance  of  being  composed 
of  fine-grained  diabase  which  has  locally  suffered  considerable  dynamic 
metamorphism.  The  rock  is  very  similar  to  other  subsilicic  igneous  rocks 
exposed  in  the  southwestern  part  of  Carlton  County  which  are  judged  to 
be  flows  or  intrusive  sheets  interlayered  with  the  metamorphosed  sedi- 
mentary rocks  of  the  region.    This  has  already  been  discussed  in  connec- 
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tion  with  the  description  of  similar  rocks  found  at  Long  Lake  in  Aitkin 
County. 

Another  outcrop  of  schistose  dark  igneous  rock  occurs  about  650  feet 
east  of  the  northwest  comer  of  the  NWJ4  of  the  NEJ^,  section  2,  T.  46N., 
R.  20W.,  and  continues  southwestward  across  the  forty-acre  tract  toward 
the  north-south  quarter  line.  It  lies  in  a  low,  flat,  glaciated  ridge,  partly 
covered  by  a  thin  mantle  of  soil.  The  rock  is  dark  greenish  gray,  dense 
and  fine-grained,  and  has  well-developed  cleavage.  It  is  comparatively 
fresh  and  appears  to  have  a  fine  diabasic  texture.  It  is  similar  to  that 
occurring  in  the  NEJ4  of  SEJ4  of  section  15,  T.  46N.,  R.  21 W.  Several 
sets  of  joints  cut  the  rock  into  large  polygonal  blocks.  The  cleavage  strikes 
about  N.  45**  E.  and  dips  17®  to  the  southeast. 

Near  the  center  of  section  5,  T.  47N.,  R.  18W.,  on  the  south  side  of 
Park  Lake  River,  two  outcrops  of  dark  igneous  rock,  occupying  an  area 
about  180  feet  long  and  120  feet  wide,  rise  10  to  15  feet  above  the 
meadow.  They  form  two  small  knolls  elongated  in  an  east-west  direc- 
tion, one  being  north  of  the  other.  The  rock  is  dark  gray  and  medium- 
grained,  resembling  diorite.  The  principal  minerals  are  feldspar,  horn- 
blende, magnetite,  and  pyrite.  The  edges  of  the  larger  feldspar  crystals 
have  been  somewhat  altered.  Large  cubes  of  pyrite  are  scattered  abun- 
dantly through  the  rock.  About  a  quarter  of  a  mile  north  is  an  outcrop 
of  similar  rock  which,  however,  is  somewhat  schistose  and  in  places  is 
mottled  due  to  the  presence  of  white  grains  of  feldspar  and  calcite. 

Small  dikes  or  sheets  of  subsilicic  igneous  rocks  occur  quite  commonly 
in  the  belt  of  slate  extending  along  St.  Louis  River  in  northern  Carlton 
County  and  thence  southwestward  through  central  and  southern  Carlton 
County,  and  outcrops  of  them  have  been  noted  in  many  places.  They  are 
mentioned  in  connection  with  the  descriptions  of  these  rocks.  One  of  the 
larger  ones  of  these  is  an  outcrop  of  much  altered  diabase  which  lies  in 
the  bed  of  West  Branch  of  Moose  Horn  River  in  the  SWJ4  of  NW>4, 
section  15,  T.  47N.,  R.  19W.  It  occurs  intrusive  into  graphitic  slate. 
Dikes  of  fresh  gabbro  and  diabase  cut  the  slates  and  phyllites  in  the  val- 
ley of  St.  Louis  River,  being  especially  abundant  near  the  Thomson  dam 
and  elsewhere  between  Carlton  and  Qoquet. 

Dikes  of  dark  igneous  rocks  have  also  been  mentioned  as  occurring 
in  various  silicic  igneous  rocks  of  east  central  Minnesota,  already  de- 
scribed, such  as  those  found  along  Snake  River  and  Hay  Creek. 

A  large  number  of  outcrops  of  subsilicic  volcanic  rocks  occurs  at 
various  points  in  eastern  and  southeastern  Pine  County.  They  form  a 
part  of  the  area  of  Keweenawan  igneous  rocks  which  extends  southwest- 
ward from  Douglas  County,  Wisconsin,  into  eastern  Minnesota,  forming 
the  so-called  "south  escarpment."  The  rocks  are  practically  all  of  eruptive 
origin,  consisting  of  massive  diabase  with  texture  varying  from  medium 
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coarse  to  extremely  fine  and  of  various  types  of  amygdaloids.  Locally 
tuffaceous  layers  occur,  but  they  are  not  abundant.  These  rocks  have 
been  mentioned  in  the  section  on  the  general  geology  of  east  central 
Minnesota.  They  bear  no  direct  relation  to  the  rocks  of  the  Cuyuna  iron- 
ore  district,  and  need  not  be  discussed  further  here.  They  have  been 
mapped  and  described  in  detail  by  Grout.** 

OUTCROPS  OF  SLATE,  SCHIST.  AND  OTHER  METAMORPHIC  ROCKS 
MOKUSON  AND  BENTON  COUNTIES 

The  westernmost  of  the  outcrops  of  metamorphic  rocks  in  central 
Minnesota  are  chloritic  schists  found  in  the  vicinity  of  Randall.  They 
cover  an  area  nearly  half  a  mile  long  north  and  south,  and  about  500  feet 
wide.  The  north  end  of  this  area  of  outcrops  is  at  the  railway  station, 
the  rock  being  exposed  in  a  cut  nearly  opposite  the  station.  The  outcrops 
are  not  continuous  but  occur  at  frequent  intervals,  southwest  of  the  rail- 
road and  of  the  north  branch  of  Little  Elk  River. 

The  chloritic  schist  is  dark  green  and  is  essentially  similar  in  all  the 
exposures.  It  is  commonly  fine-grained  and  shows  a  marked  but  uneven 
cleavage  which  has  a  general  direction  of  N.  40°  E.  and  has  dips  varying 
from  vertical  to  70°  northwest.  No  bedding  is  distinguishable. 
(Plate  VL) 

The  rock  is  essentially  a  fine-grained  mixture  of  chlorite  and  feldspar 
with  some  quartz,  which  varies  in  abundance  in  different  parts.  Both 
chlorite  and  feldspar  show  parallel  arrangement  and  elongation  along 
the  general  direction  of  the  cleavage.  The  quartz  is  in  irregular  grains 
either  disseminated  with  the  other  minerals  or  bunched  in  spots.  Through 
this  fine-grained  matrix  are  scattered  somewhat  larger  grains  of  siderite. 
These  vary  in  size  from  mere  specks  to  perhaps  one-tenth  of  an  inch  in 
diameter,  and  are  abundant  in  all  phases  of  the  rock.  Some  have  rhombic 
outlines  and  consist  of  single  crystals,  but  most  of  them  are  irregular 
and  consist  of  several  individual  crystals.  Near  the  surface  the  siderite 
is  oxidized  to  limonite  and  forms  yellowish  brown  specks  of  ocher.  Locally 
also  the  ocher  is  concentrated  along  cracks  and  in  small  openings.  In 
some  phases  of  the  rock  siderite  in  small  irregular  grains  is  disseminated 
through  the  matrix,  along  with  feldspar,  chlorite,  and  quartz. 

Besides  grains  and  little  bunches  of  siderite,  other  minerals  such  as 
quartz,  magnetite,  and  chlorite  are  found  in  the  rock.  Magnetite  is  very 
abundant  locally,  and  although  it  is  generally  distributed  through  the 
rock  it  may  be  entirely  absent  in  some  places.  Some  magnetite  grains 
have  crystal  outlines,  while  others  are  irregular.  Quartz  usually  does 
not  occur  in  large  grains,  but  bunches  of  small  grains  are  numerous. 


"  Grout,  F.   F.,  Contribution  to  the  petrography  of  the  Keweenawan :   Jour.   Geology,  vol. 
18,  pp.  633-657.  1910. 
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A.    OUTCROP  OF  CHLORITIC  SCHIST  NEAR  THE  STATION  AT  RANDALL,  MORRISON  COUNTY 

PHOTO  BY   CARL  ZAPPFE 


CHLORITIC   SCHIST   OUTCROPS    AT  RANDALL    SHOWING   CLEAVAGE 
PHOTO  BY   CARL   ZAPPFE 
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Chlorite  generally  is  evenly  disseminated  but  locally  it  occurs  in  bunches. 
Small  grains  of  muscovite  are  found  disseminated  in  much  of  the  rock. 

While  all  the  rock  is  chloritic  schist,  there  are  local  minor  variations 
in  the  composition,  color,  and  texture,  as  already  indicated.  At  several 
points,  nodular  light-colored  brownish  masses  are  found  which  consist 
of  quartz,  feldspar,  and  siderite,  but  contain  no  chlorite  or  magnetite 
while  elsewhere  magnetite  grains  are  closely  spaced.  The  variation  in 
magnetic  attraction  in  the  vicinity  of  Randall  is  attributed  to  this  abund- 
ance of  magnetite  in  the  chloritic  schist. 

The  Randall  exposures  are  directly  on  the  line  of  the  southwest  ex- 
tension of  the  Cuyuna  range.  The  rock  is  probably  continuous  with  the 
chlorite  schists  which  have  been  found  to  be  so  abundant  in  association 
with  the  iron-bearing  formation  in  various  parts  of  the  Cuyuna  range. 
In  general  appearance  and  composition  the  rock  at  Randall  resembles 
closely  the  chloritic  schist  found  in  many  of  the  Cuyuna  range  mines. 

In  section  3,  T.  130N.,  R.  30W.,  about  three  miles  east  of  Randall 
there  are  a  few  small  exposures  of  chloritic  schist  which  might  readily  be 
mistaken  for  boulders.  They  are  located  in  the  woods  near  the  center  of 
the  section,  just  east  of  a  little-used  north  and  south  wagon  road  that 
runs  along  the  quarter  line. 

While  most  of  the  outcrops  consist  of  dark  green  or  grayish  green 
chloritic  schist,  some  of  them  have  small  bands  of  a  gray  porphyritic 
rock  with  large  phenocrysts  of  white  feldspar.  Such  bands  are  enclosed 
between  chloritic  schist,  and  there  is  a  complete  gradation  between  the 
two,  showing  that  the  chlorite  schist  is  a  dynamically  metamorphosed 
phase  of  the  porphyry.  The  direction  of  the  cleavage  is  similar  to  that 
in  the  exposures  near  Randall. 

About  two  miles  north  of  Little  Falls,  Little  Elk  River  empties  into 
Mississippi  River.  Outcrops  of  gray  slate  and  phyllite  occur  on  both 
sides  of  this  stream,  the  easternmost  of  the  exposures  being  about  500 
feet  above  its  mouth.  They  extend  along  the  stream  for  about  700  feet 
and  within  this  distance  several  folds  are  foimd.  The  outcrops  show 
beautifully  both  cleavage  and  bedding,  and  the  relation  between  the  two 
can  be  determined  in  the  individual  outcrops.  The  general  strike  of  the 
bedding  is  about  N.  50°  E.,  while  the  dip  varies  on  account  of  the  fold- 
ing. The  strike  of  the  cleavage  varies  between  N.  32°  E.  and  N.  61°  E. 
The  dip  of  the  cleavage  planes  varies  in  the  individual  folds,  but  is  in 
general  about  75°  southeast. 

The  exposures  consist  mainly  of  finely  crystalline  phyllite,  most  of 
which  shows  fine  lamination  parallel  to  the  bedding.  The  rock  is  made  up 
of  fine  quartz  and  biotite  which  vary  in  relative  abundance  in  different 
layers.  In  some  of  the  exposures,  massive  graywacke  beds  are  inter- 
layered  with  finely  laminated,  more  highly  micaceous  phyllite  beds.    All 
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the  beds  show  cleavage,  but  the  micaceous  layers  show  it  more  perfectfy. 
Thus  the  relation  between  the  cleavage  and  the  axial  planes  and  pitch  of 
the  folds  can  be  readily  seen,  and  the  relation  of  these  folds  to  the  major 
structure  determined.  The  pitch  of  the  folds  is  to  the  southwest,  while 
the  ^axial  planes  dip  to  the  southeast,  indicating  that  the  folds  are  situated 
on  the  south  limb  of  a  major  anticline. 

In  the  city  of  Little  Falls,  a  small  island  (Mill  Island)  occurs  in  Mis- 
sissippi River  just  below  the  dam.  (Plate  VII  A.)  The  shores  around 
the  northern  half  of  this  island  consist  of  continuous  outcrops  of  slate  and 
phyllite,  most  of  which  are  gray  and  finely  micaceous.  Although  con- 
siderable recrystallization  has  occurred,  the  bedding  is  still  plainly  visible 
both  on  account  of  fine  lamination  and  on  account  of  an  interlayering  of 
beds  of  different  materials.  Some  beds  are  quartzose  while  others  are 
argillaceous  and  micaceous,  the  latter,  however,  being  much  the  more 
abundant. 

The  beds  are  flexed  into  a  number  of  minor  folds  all  trending  in  a 
general  northeast-southwest  direction  diagonally  across  the  island.  The 
strike  of  the  bedding  is  approximately  N.  30°  E.,  parallel  to  the  folds, 
while  the  dip  varies.  The  schistosity  is  fairly  regular,  in  general  striking 
approximately  parallel  to  the  bedding  and  dipping  at  angles  varying  be- 
tween 75°NW.  and  7S°SE.  The  relation  of  the  cleavage  to  the  bedding 
is  clearly  shown  in  some  of  the  minor  folds.     (Plate  VII  B.) 

The  rock  on  Mill  Island  is  principally  dark  gray,  finely  micaceous 
slate  and  phyllite,  some  portions  of  which  are  argillaceous  and  some 
quartzitic,  the  different  phases  being  interlayered.  Some  beds  are  mas- 
sive and  quite  uniform  in  texture,  and  show  the  bedding  only  by  fine 
color  lamination,  while  in  other  beds  thin  layers  of  fine  argillaceous  slate 
are  interbedded  with  more  coarsely  crystalline  quartzitic  or  micaceous 
phyllite.  The  cleavage  cuts  across  all  the  laminae  indiscriminately.  The 
rock  is  composed  of  biotite  and  quartz  with  probably  a  considerable  per- 
centage of  white  mica  in  fine  sericitic  flakes.  In  the  fine-grained  slaty 
layers,  sericite  is  very  abundant,  and  distinctly  visible  mica  flakes  are 
almost  absent,  while  in  the  coarser  layers  numerous  fine  flakes  of  biotite 
occur,  disseminated  in  a  quartzose  or  sericitic  ground-mass.  Other  min- 
erals which  occur  locally  in  the  slate  and  phyllite  are  ottrelite,  garnet, 
amphibole,  and  chlorite.  Ottrelite  occurs  as  small,  scattered,  thin,  shiny 
black  plates  lying  parallel  to  the  cleavage  in  some  of  the  phyllite  layers, 
and  garnet  also  occurs  locally  in  the  phyllite  in  tiny,  disseminated  crystals. 
Both  are  rare.  Garnet,  amphibole,  and  chlorite,  however,  are  found 
more  characteristically  in  a  number  of  elongated,  lens-shaped,  concretion- 
like masses  which  occur  interlayered  with  the  slate  and  phyllite.  Some 
of  these  masses  are  five  or  six  feet  long  and  a  foot  or  more  thick.  They 
consist  of  a  hard,  dark,  siliceous  ground-mass  in  which  are  embedded 
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A.      SLATE  AND  PHYLLITE  OUTCROPS  ON    MILL  ISLAND  AT  LITTLE   FALLS, 
MORRISON    COUNTY 


B.     SLATE  OUTCROP  AT  LITTLK  FALLS  SHOWIN<;  THF  UEI  ATION  OF  CLEAVAGE  TO  BEDDIK 
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abundant  fibrous,  black  amphibole  or  dark  red  garnet  with  associated 
dark  green  flakes  of  chlorite.  The  amphibole  crystals  range  up  to  one 
half  of  an  inch  in  length  and  show  no  regularity  in  their  arrangement. 
The  garnet  crystals  average  about  one  eighth  of  an  inch  in  diameter, 
being  much  larger  than  those  disseminated  through  the  phyllite.  Chlorite 
is  commonly  associated  with  it,  and  appears  to  be  an  alteration  product 
of  it.  Rarely,  garnet  and  amphibole  are  found  together  in  the  same  con- 
cretion-like lenses,  but  commonly  they  are  in  separate  lenses.  Ottrelite 
also  is  often  distinctly  associated  with  these  lenses.  It  does  not  occur 
within  them,  however,  but  in  the  phyllite  or  slate  layers  along  their  bor- 
ders. Amphibole,  on  the  other  hand,  is  found  only  in  the  concretion-like 
masses,  and  not  in  the  slate  and  phyllite.  The  origin  of  the  concretion- 
like masses  has  not  been  determined. 

Another  outcrop  of  gray  slate  and  phyllite  similar  to  that  at  Little 
Falls  is  found  on  Swan  River  near  Ledoux  in  the  SEj4  of  SEJ4  of  sec- 
tion 4,  T.  128N.,  R.  30W.,  about  7  miles  southwest  of  Little  Falls. 
The  exposures  are  on  both  sides  of  the  stream  near  the  water  level  and 
are  entirely  covered  during  high  water.  They  are  found  just  east  of  the 
bridge  between  sections  3  and  4.  The  rock  is  a  finely  crystalline  mica- 
ceous, argillaceous,  or  quartzitic  phyllite  with  well-developed  cleavage 
striking  about  N.20^E.,  and  dipping  from  57°  southeast  to  vertical.  The 
bedding  is  shown  by  fine  banding  and  lamination  which  is  cut  across  by 
the  cleavage  lines.    It  strikes  in  general  N.25°E.  and  dips  7S°N. 

Upham**  mentions  the  occurrence  of  another  outcrop  of  slate  on  Swan 
River  in  section  i,  T.  128N.,  R.  20W.,  about  2j/^  miles  below  the  outcrop 
just  mentioned.  It  is  said  to  crop  out  in  the  bed  of  the  stream  but  was 
not  found  by  one  of  the  writers  (Johnston)  who  visited  the  locality. 

Scattered  outcrops  of  gametiferous,  staurolitic  mica  schist  are  found  on 
both  banks  of  Mississippi  River  at  intervals  between  the  mouth  of  Swan 
River,  about  4  miles  south  of  Little  Falls,  and  a  point  about  one  half 
mile  south  of  the  Minneapolis,  St.  Paul,  and  Sault  Ste.  Marie  rail- 
road bridge  in  section  32,  T.  128N.,  R.  29W.  The  best  exposures  are 
on  the  west  bank,  but  good  exposures  occur  on  the  east  bank  also. 
Locally  they  extend  partly  or  entirely  across  the  river,  forming  rapids. 

The  exposure  farthest  north  is  on  the  west  bank  of  the  river  at  Pike's 
Rapids,  a  short  distance  below  the  mouth  of  Swan  River  in  section  7, 
T.  128N.,  R.  29W.  Southward  from  this  locality  exposures  are  found 
at  Cash's  Rapids  in  section  20,  T.  128N.,  R.  29W.  and  at  various  points 
between  Cash's  Rapids  and  the  railroad  bridge  above  mentioned.  Below 
the  bridge  several  exposures  occur  as  far  south  as  Blanchard's'  Rapids, 


•*Upham,  Warren,  The  geology  of  Crow  Wing  and  Morrison  counties:  Gtol,  and  Not.  Hist. 
Survey  of  Minn.,  Geol,  of  Minn.,  toI.  2,  x  882-1885,  p.  600. 
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where  are  found  the  outcrops  of  gabbro,  already  described.  (See  page  51.) 
In  one  small  outcrop  about  1,000  feet  south  of  the  bridge,  a  very  quartz- 
itic  phase  of  the  schist  is  cut  by  a  narrow  dike  of  dark  hornblende  rock. 

Most  of  the  schist  exposures  are  near  the  river's  edge,  and  very  few 
extend  far  above  the  level  of  the  water  on  the  river  bank.  At  one  or  two 
localities,  however,  as  at  the  Minneapolis,  St.  Paul,  and  Sault  Ste.  Marie 
railroad  bridge,  fairly  large  exposures  are  found.  Because  of  the  highly 
metamorphosed  state  of  the  rocks,  it  is  only  in  the  larger  exposures  that 
it  is  possible  to  determine  the  attitude  of  the  bedding  and  its  relation  to 
the  schistosity.  Thus  at  the  railroad  bridge  the  schist,  although  strongly 
metamorphosed,  shows  interlayering  of  coarsely  crystalline  micaceous 
phases  with  finer  grained  quartzitic  phases  indicating  bedding.  The 
layers  in  this  exposure  strike  N.8°E.  and  dip  57° NW.  while  the  schis- 
tosity strikes  N.i5°E.  and  dips  52°NW.  In  the  outcrops  at  the  other 
localities  visited,  it  was  not  possible  to  distinguish  the  bedding.  The 
schistosity,  however,  was  found  to  be  perfect  and  fairly  r^^lar.  Thus 
at  Pike's  Rapids,  below  the  mouth  of  Swan  River,  the  strike  of  the  cleav- 
age is  N.30°E.  and  the  dip  is  es^'NW.,  while  at  Cash's  Rapids  the  strike 
is  N.30°E.  and  the  dip  6o®NW.  Above  Blanchard's  Rapids,  south  of 
the  railroad  bridge  in  the  last  schist  exposure  downstream,  the  strike  of 
the  schistosity  is  about  north  and  south  and  the  dip  is  65  °W.  Thus 
there  appears  to  be  a  gradual  turning  of  the  direction  of  schistosity  from 
a  strike  of  N.30°E.  to  nearly  north  and  south  on  going  southward. 

The  schist  in  all  the  exposures  is  very  similar,  being  a  micaceous  or 
quartzose  micaceous  schist  with  abundant  crystals  of  garnet  and  stauro- 
lite  scattered  through  it.  The  schist,  while  in  general  similar  to  that 
at  Little  Falls,  is  much  more  coarsely  crystalline  and  is  more  uniform  in 
character,  consisting  of  intermixed  quartz  grains  and  biotite  flakes,  the 
latter  parallel  to  the  schistosity.  The  fine  interlayering  which  is  common 
in  the  slate  and  phyllite  at  Little  Falls  has  here  been  entirely  obliterated, 
due  to  recrystallization.  Garnet  and  staurolite  are  both  abundant  and 
occur  throughout  the  rock.  The  garnet  crystals  are  small,  usually  aver- 
aging about  one  twentieth  of  an  inch  in  diameter,  but  the  staurolite  crys- 
tals range  up  to  an  inch  in  length  and  one  half  inch  in  width  and 
frequently  show  cross-shaped  twins.  The  staurolite  and  some  of  the 
garnet  also  contains  abundant  included  quartz  grains  and  occasional  bio- 
tite flakes.  The  outline  of  the  staurolite  crystals  as  seen  under  the  micro- 
scope is  very  irregular  and  indicates  that  the  staurolite  has  grown  at  the 
expense  of  the  quartz  and  biotite.  The  quartz  grains  included  in  the 
staurolite  crystals  are  smaller  than  those  in  the  remainder  of  the  rock, 
showing  they  have  probably  been  partly  resorbed  to  form  staurolite.  A 
few  staurolite  crystals  contain  included  garnet  crystals  also.  Ottrelite 
which  is  present  in  the  rocks  at  Little  Falls  has  not  been  found  in  these 
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schists.  Probably  it  has  disappeared  during  the  more  intense  metamor- 
phism  which  the  schists  have  suffered.  The  paragenesis  of  minerals  in 
the  formation  of  garnetiferous  and  staurolitic  schist  from  the  original 
shale  appears  to  be  in  the  following  order :  quartz,  biotite,  ottrelite,  gar- 
net, staurolite. 

It  seems  beyond  question  that  the  slate  and  phyllite  on  Little  Elk 
River  and  at  Little  Falls,  and  the  garnetiferous  and  staurolitic  schists  on 
Mississippi  River  represent  different  stages  in  the  metamorphism  of  the 
same  original  rock.  The  metamorphism  seems  to  have  become  more 
intense  on  going  southward,  due  probably  to  the  presence  of  the  great 
granite  mass  in  the  St.  Cloud  region  against  which  the  sediments  were 
crushed.  This  fact  would  seem  to  indicate  that  much  of  the  granite  in 
this  region  was  present  before  the  deformation  of  the  sediments  took 
place,  probably  being  pre-Keweenawan  in  age.  The  alternative  hypoth- 
esis is  that  the  granite  is  later  in  age,  and  that  the  metamorphism  of  the 
sediments  was  due  to  the  intrusion  of  the  granite.  It  does  not  seem 
likely,  however,  that  the  metamorphic  effect  of  such  an  intrusion  should 
be  felt  for  many  miles  away  from  the  contact,  especially  in  an  argillaceous 
sedimentary  rock.  Besides,  the  minerals  developed  are  characteristic  of 
dynamic  metamorphism  and  not  of  contact  metamorphism. 

Hall*'  notes  the  probable  occurrence  of  schist  in  the  northern  part 
of  Benton  County,  and  on  the  basis  of  this  Van  Hise  and  Leith**  have 
extended  the  upper  Huronian  slate  area  into  Benton,  Sherburne,  and 
Steams  counties,  while  the  granitic  rocks  of  this  region  have  been  mapped 
as  Keweenawan  intrusives.  The  data  on  which  the  mapping  of  this 
schist  was  based  are  not  available,  so  that  the  character  and  extent  of 
the  schist  are  not  known. 

CROW  WING,  CASS,  AND  AITKIN  COUNTIES 

In  the  region  north  of  the  Cuyuna  district  and  west  and  southwest  of 
the  Mesabi  district,  no  rock  outcrops  are  definitely  known,  although  sev- 
eral have  been  reported  from  different  localities. 

An  outcrop  of  crystalline  limestone  is  frequently  mentioned  as  occur- 
ring in  NW>4  of  SE>4  of  section  29,  T.  137N.,  R.  28W.  south  of  White 
Fish  Lake  in  northern  Crow  Wing  County.  This  supposed  outcrop  has 
been  visited  by  the  writers,  who  have  come  to  the  conclusion  that  it  is 
a  large  glacial  boulder.  The  rock  rises  about  15  feet  above  the  ground 
and  is  about  20  feet  by  30  feet  at  the  base.  It  has  a  rather  jagged  out- 
line and  consists  of  light  gray  to  pink  crystalline  limestone  with  numerous 
small  masses  and  thin  layers  of  chert.     Certain  layers  are  somewhat 


*HaIl,  C.  W.,  Keewatin  area  of  eastern  and  central  Minnesota:    Bull,  Geol.  Soc.  Amer., 
▼ol.  I  a,  pp.  343*376  (map),  1901. 

«  Van  Hise,  C.  R.,  and  Leith,  C.  K.,  op.  eU.,  Pis.  I  and  XIV. 
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argillaceous  and  sericitic,  others  are  quartzitic.  Drilling  operations  not 
far  from  this  locality  indicate  that  the  glacial  drift  in  this  r^on  varies 
in  thickness  from  200  to  300  feet.  It  appears  improbable  that  there 
should  be  such  extreme  irregularities  as  would  result  in  the  occurrence 
of  rock  outcrops. 

Occasional  references  are  seen  in  the  literature*^  to  an  outcrop  of  rock 
in  Cass  County,  reported  as  occurring  along  the  northern  edge  of  T. 
142N.,  R.  27W.,  on  Boy  River,  one  or  two  miles  below  Boy  Lake.  The 
litholpgical  character  of  the  rock  is  not  known,  but  it  is  presimied  to  be 
quartzite.  The  writers  have  not  seen  the  outcrop,  nor  have  they  seen  any 
person  who  knows  definitely  of  its  existence. 

Quartzite  outcrops  are  found  near  Dam  Lake,  Aitkin  County,  at  two 
localities,  one  in  the  SEJ4  of  section  34,  and  the  other  in  the  NW>4  of 
section  35,  T.  47N.,  R.  25W.  The  rocks  composing  the  exposures  are 
very  similar  in  both  localities,  being  hard,  coarse,  light  gray  to  pink  vit- 
reous quartzite.  Much  of  the  rock  is  very  coarse,  being  fine  conglomerate 
or  grit  rather  than  quartzite.  The  particles  composing  it  range  up  to 
one  fifth  of  an  inch  in  diameter,  and  all  are  distinctly  rounded.  They  con- 
sist almost  entirely  of  glassy  quartz,  some  being  perfectly  transparent  and 
colorless  while  others  are  bluish  white  opaline.  They  are  all  firmly 
cemented  so  that  the  rock  breaks  across  the  fragments  rather  than 
around  them. 

At  both  localities,  several  small  rounded  exposures  protrude  just 
above  the  soil.  The  rock  is  very  massive  and  shows  no  trace  of  bedding. 
Even  banding  due  to  interlayering  of  coarser  and  finer  material  is  appar- 
ently absent.  A  few  joints  cut  across  the  outcrops  and  some  of  them 
may  be  separation  planes  indicating  the  bedding,  but  their  character  is 
very  doubtful.  Winchell,*'  who  visited  these  outcrops,  states  that  the 
exposure  in  section  34  shows  an  unmistakable  bedding  plane  striking 
N.6o°E.  and  dipping  S.30°E.  at  an  angle  of  25°.  This  observation  was 
not  confirmed  by  an  examination  of  the  outcrops  made  by  the  writers. 
The  line  which  connects  the  two  outcrops,  however,  and  the  extension 
of  which  to  the  southwest  passes  over  other  occurrences  of  quartzite 
found  by  drilling,  has  a  direction  of  N.So^E.  which  corresponds  fairly 
well  with  the  general  strike  of  the  sedimentary  beds  throughout  the 
Cuyuna  district.  The  general  dip  of  these  beds  also  is  to  the  southeast, 
but  at  a  very  steep  angle.  It  does  not  seem  improbable,  therefore,  that 
the  quartzite  bed  has  a  general  northeast-southwest  strike  and  a  south- 


''Uphain,  Warren,  The  geology  of  Cass  Copnty  and  of  the  part  of  Crow  Wing  County 
northwest  of  the  Mississippi  River:  Geol.  and  Nat.  Hist.  Survey  of  Minn.,  Geol.  of  Mmn.,  voL  4, 
1896*1898,  p.  65. 

^Winchell,  N.  H.,  The  Cuyuna  iron  range:    Eeon.  Geology,  vol.  s,  pp.  s66>567. 
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easterly  dip,  although  there  is  apparently  nothing  in  the  individual  ex- 
posures to  indicate  this  structure. 

PINE,  CARLTON,  AND  SOUTHERN  ST.  LOUIS  COUNTIES 

Several  large  areas  of  outcrops  of  metamorphosed  sedimentary  rocks 
are  found  in  the  northwestern  part  of  Pine  County,  south,  east,  and  north- 
east of  Denham,  these  being  the  southernmost  outcrops  of  this  type  of 
rock  in  eastern  Minnesota.  The  rocks  are  principally  mica  schists,  but 
hornblende  schist,  quartzite,  and  limestone  occur  also. 

The  largest  area  of  outcrops  is  that  through  which  the  Minneapolis, 
St.  Paul,  and  Sault  Ste.  Marie  Railroad  passes  east  and  northeast'  of 
Denham.  The  principal  exposures  are  in  the  eastern  half  of  section  19, 
T.  4SN.,  R.  20W.,  but  some  are  found  also  in  the  western  part  of  sec- 
tion 20  and  in  the  southeastern  part  of  section  18.  The  railroad  cuts 
through  or  passes  over  most  of  the  outcrop. 

The  rock  throughout  this  area  is  quite  uniform,  being  a  quartzose 
mica  schist.  It  varies  slightly,  however,  in  texture  and  in  the  relative 
amounts  of  mica  and  quartz  which  it  contains  in  different  parts.  Locally 
it  is  fine-grained  and  quartzitic,  consisting  of  sugary  quartz  with  abundant 
fine  scattered  biotite  flakes  parallel  to  the  schistosity.  Elsewhere  the 
quartz  is  present  in  minor  amount  and  the  mica  is  more  coarsely  crystal- 
line, producing  a  very  marked  schistosity.  Local  layers  consist  almost 
entirely  of  mica.  Small  disseminated  crystals  of  garnet  are  scattered 
throughout  the  rock,  but  are  more  abundant  in  the  coarsely  micaceous 
phases.  The  rock  in  general  is  dark  gray,  the  mica  being  mainly  biotite ; 
but  white  mica  is  intermixed  with  it. 

Schistosity  is  strongly  developed  throughout  the  area  so  that  in  gen- 
eral it  obliterates  the  bedding.  Locally  where  the  bedding  can  be  dis- 
tinguished by  the  faint  interlayering  of  the  quartzitic  with  the  more 
coarsely  micaceous  phases,  it  appears  to  be  in  general  parallel  to  the 
schistosity.  The  schistosity  is  quite  regular  in  strike  in  the  different  out- 
crops throughout  the  area,  being  about  east  and  west  or  slightly  north  of 
east.  The  dip,  however,  varies  considerably  in  different  places.  In  the 
southern  part  of  the  area  it  is  to  the  north  at  angles  varying  in  general 
between  30°  and  70°.  In  the  northern  part  of  the  area,  however,  both 
northerly  and  southerly  dips  are  found.  Locally  the  schistosity  is  almost 
horizontal. 

About  a  mile  southeast  of  Denham  is  one  of  the  most  interesting 
groups  of  outcrops  of  metamorphosed  sediments  in  east  central  Minne- 
sota. The  exposures  occur  principally  in  the  Ej4  of  SEj4  of  section  25, 
T.  45N.,  R.  21W.,  but  extend  for  short  distances  into  the  adjacent  parts 
of  section  30  on  the  east  and  section  36  on  the  south.  An  irregular  de- 
pression with  low  bluffs  along  it  nms  in  a  southeasterly  direction  through 
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this  area.  It  varies  from  200  feet  to  400  feet  in  width,  and  has  the  ap- 
pearance of  being  a  small  abandoned  stream  valley.  The  rock  outcrops 
are  found  along  the  low  bluffs  on  both  sides  of  the  depression.  The  area 
is  wooded,  the  center  of  the  depression  being  swampy. 

The  most  northerly  outcrops  on  both  sides  of  the  depression  consist 
of  hornblende  schist.  To  the  south  of  these,  a  large  outcrop  of  quartzite 
is  found  on  the  west  side  and  an  outcrop  of  mixed  quartzite  and  crystal- 
line limestone  on  the  east  side.  South  of  the  quartzite  on  the  west  side 
are  exposures  of  hornblende  schist,  followed  by  more  quartzite  and 
finally  mica  schist,  while  on  the  east  side  opposite  to  these  are  outcrops 
of  mica  schist  and  of  a  dark  fine-grained  igneous  rock.  The  strike  of  the 
beds  throughout  is  approximately  east  and  west,  while  the  dips  vary  15° 
or  20°  on  either  side  of  vertical.  The  dip  of  the  cleavage  of  the  schistose 
rocks  is  in  general  to  the  north  at  somewhat  lower  angles.  In  the  schis- 
tose rocks  the  recrystallization  has  almost  entirely  obliterated  the  bedding, 
but  in  the  quartzite  and  limestone  the  bedding  is  well  marked.  Locally 
rocks  of  different  character  are  found  interlayered. 

The  principal  exposures  consist  of  quartzite  which  has  suffered  con- 
siderable metamorphism.  It  is  light-colored  gray,  pink,  or  brown  and 
is  medium  coarse-grained.  Tiny  pebbles,  generally  of  light  blue  quartz, 
are  abundantly  scattered  through  the  rock,  in  some  places  making  up 
the  larger  part  of  the  mass  and  forming  a  fine  conglomerate  or  grit.  They 
range  in  diameter  up  to  about  one  fifth  of  an  inch,  although  locally  peb- 
bles an  inch  and  a  half  or  more  in  diameter  are  found.  In  places  fine 
and  coarse  material  occur  interlayered  in  thin  beds.  The  quartzite  has 
undergone  considerable  recrystallization  so  that  abundant  muscovite  is 
developed  throughout.  Some  parallel  arrangement  is  noticeable  in  the 
muscovite,  but  this  is  not  prominent  enough  to  produce  a  marked  schis- 
tosity.    The  muscovite,  although  generally  fine,  occurs  in  distinct  flakes. 

The  crystalline  limestone  is  associated  with  the  quartzite  and  re- 
sembles it  in  appearance.  It  is  pink  to  light  gray  in  color  and  finely 
crystalline.  Muscovite  occurs  in  it  abundantly  in  fine  disseminated  flakes 
or  is  segregated  into  thin  discontinuous  streaks.  Some  phases  of  the 
limestone  are  dark  gray  and  contain  thin  layers  consisting  largely  of 
dark  hornblende.  The  laminae  of  both  muscovite  and  hornblende  are 
developed  parallel  to  the  bedding,  suggesting  that  they  were  formed  by 
the  recrystallization  of  impure  limestone  layers. 

The  hornblende  schist  is  dark  grayish  green  and  is  generally  coarsely 
crystalline  when  composed  mainly  of  hornblende  and  finely  crystalline 
when  it  contains  considerable  quartz.  It  has  a  well-developed  cleavage 
which  is  especially  prominent  in  the  more  coarsely  crystalline  phases. 
The  hornblende  is  dark  green  and  fibrous.  Biotite  is  generally  associated 
with  it  and  in  places  muscovite  also  occurs. 
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OUTCROP   OF    SLATE    AND    PHYLUTE    ON    SPLIT    ROCK    RIVER,    SOUTHWESTERN 
CARLTON  COUNTY,   SHOWING  HORIZONTAL  SCHISTOSITY 


B.      OUTCROP  OF  SLATE  AND  PHYLLITE  ALONG  THE  RAILWAY  NORTHEAST  OF  DENHA 
PINE  COUNTY,   SHOWING    PARALLEL   JOINTING 
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The  rfica  schist  is  light  to  dark  gray.  In  places  it  consists  mainly  of 
muscovite  with  subordinate  quartz,  and  then  shows  marked  cleavage  and 
fine  lamination  parallel  to  the  cleavage.  The  cleavage  faces  present  a 
silvery  sheen  due  to  aggregates  of  parallel  muscovite  flakes.  In  other 
places,  quartz  predominates  while  both  muscovite  and  biotite  occur  in 
abundant  fine  flakes.  In  the  latter  phase  the  bedding  is  still  frequently 
recognizable,  cutting  across  the  schistosity  or  parallel  to  it.  The  musco- 
vite schist  is  commonly  associated  with  the  crystalline  limestone  beds, 
frequently  being  interlayered  with  limestone.  The  quartzose  mica  schist 
with  abundant  biotite  is  similar  to  that  exposed  along  the  railway  east 
of  Denham. 

In  Carlton  County,  abundant  outcrops  of  slat^,  graywacke,  phyllite 
and  mica  schist  occur  in  the  valleys  of  Kettle,  Moose,  and  St.  Louis 
rivers  and  their  branches,  the  area  of  outcrops  extending  in  a  general 
northeast-southwest  direction  across  the  county.  Many  exposures  are 
found  directly  on  the  banks  of  streams,  having  been  cut  into  by  the 
streams  during  the  process  of  erosion.  Other  exposures,  however,  occupy 
higher  areas,  in  places  forming  prominent  ridges  rising  above  the  gen- 
eral level  and  elsewhere  occurring  as  low,  flat  outcrops.  The  ridge-like 
exposures  are  very  characteristic.  In  some  localities,  as  at  Carlton  and 
near  Atkinson,  many  parallel  rock  ridges  cover  considerable  areas.  Some 
of  these  are  40  or  50  feet  high  and  many  hundred  feet  long.  Nearly  all 
of  them  have  a  general  direction  ranging  between  east-west  and  northeast- 
southwest,  roughly  parallel  to  the  cleavage. 

The  most  southwesterly  outcrops  of  metamorphic  rocks  in  Carlton 
County  are  those  along  Split  Rock  River,  a  western  tributary  of  Kettle 
River.  A  high  cliff  of  mica  schist  about  900  feet  long  is  exposed  on  the 
south  side  of  Split  Rock  River  in  the  NW^  of  NEj4,  section  29,  T. 
46N.,  R.  21W.  It  rises  abruptly  from  5  to  30  feet  above  the  stream, 
trending  approximately  east  and  west.  Small  exposures  appear  at  in- 
tervals west  of  the  main  cliff  in  the  bed  of  the  stream  for  a  distance  of 
several  hundred  feet.  The  rock  is  made  up  of  alternate  bands  of  fine 
and  coarse  grained  quartz  mica  schist  associated  with  some  dark  graphitic 
schist.  Small  grains  of  pyrite  and  quartz  lenses  occur  in  places.  The 
finer  grained  varieties  are  finely  plicated  and  consist  mainly  of  mica, 
while  the  coarser  grained  varieties  are  rich  in  quartz.  The  average  strike 
of  the  schistosity  is  about  N.8o°E.  and  the  dip  varies,  due  to  minor  folds, 
but  is  in  general  to  the  south  at  a  low  angle.  The  bedding  where  it  can 
be  observed  is  approximately  parallel  to  the  schistosity. 

An  outcrop  of  mica  schist  and  phyllite  similar  to  that  described  above 
occurs  in  the  SE>4  of  SE>4  of  section  21,  T.  46N.,  R.  21W.  on  the 
south  side  of  Split  Rock  River.    The  outcrop  begins  at  the  east  line  of 
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the  section  and  extends  westward  about  i,ioo  feet.  The  eastern  part 
appears  in  scattered  patches  above  the  soil  and  the  western  half  stands 
as  a  vertical  cliff  from  2  to  10  feet  above  the  water.  The  bedding  in  this 
outcrop  is  well  marked  because  of  the  alternation  of  more  or  less  massive 
layers  rich  in  quartz,  with  finely  plicated  layers  consisting  principally  of 
mica.  The  strike  of  the  bedding  is  about  N.75°E.  and  the  dip  30°  to 
the  south.  Locally  minor  folds  are  found,  which  pitch  westward  at  a 
low  angle,  and  the  axial  planes  of  which  dip  southward  indicating  that 
they  are  drag  folds  on  the  south  limb  of  a  larger  anticline. 

The  outcrops  along  Split  Rock  River  are  the  only  exposures  of  schist 
or  phyllite  found  in  Carlton  County  west  of  the  main  valley  of  Kettle 
River.  On  Kettle  River  itself  abundant  outcrops  are  found  at  intervals, 
almost  from  its  source,  southward  through  southern  Carlton  County  and 
into  Pine  County.  The  most  northerly  of  these  outcrops  is  said  to  occur 
near  Kettle  Lake.  It  is  reported  that  slate  was  encountered  during  the 
construction  of  the  drainage  ditch  heading  out  of  Kettle  Lake  in  the 
SW54  of  SE>4  of  section  18,  T.  48N.,  R.  19W.  The  slate  is  said  to 
have  been  found  in  the  bottom  of  the  ditch  a  short  distance  from  the 
lake.    This  has  not  been  verified  by  the  writers. 

The  first  exposure  south  of  Kettle  Lake  in  the  Kettle  River  valley  is 
found  in  section  2,  T.  47N.,  R.  20W.,  in  the  bottom  and  along  the  sides 
of  the  drainage  ditch.  In  the  SW^  of  NEJ4  of  this  section,  small  ex- 
posures are  found  in  the  bottom  of  the  ditch  for  a  distance  of  about  500 
feet,  while  in  the  NEj4  of  SW>4»  beginning  about  150  feet  southwest 
of  the  center  post  and  bearing  a  little  west  of  south,  rock  is  exposed  con- 
tinuously in  the  ditch  and  along  the  sides  for  about  700  feet.  The  maxi- 
mum width  of  the  exposure  east  and  west  is  about  800  feet. 

The  rock  in  both  localities  is  made  up  of  alternate  bands  of  slate  and 
graywacke.  The  slate  is  dark  gray  to  greenish  black,  very  fine  grained, 
with  well-developed  cleavage.  The  bedding  is  brought  out  clearly  by 
difference  in  color  due  to  the  variation  in  the  fineness  of  the  material. 
The  graywacke  is  light  gray  and  fine-grained,  with  a  few  small  scattered 
pyrite  grains.  The  general  strike  of  the  bedding  is  about  N.75°E.  and 
the  dip  varies  in  short  distances,  due  to  the  presence  of  minor  folds  which 
pitch  at  low  angles  eastward.  Quartz  stringers  occur  along  the  crests 
and  troughs  of  the  minor  folds  and  die  out  along  the  limbs.  The  strike 
of  the  cleavage  is  approximately  parallel  to  the  bedding  and  the  dip  is 
73°  to  the  south.  The  relations  of  the  folds  and  cleavage  indicate  that 
this  outcrop  is  on  the  south  limb  of  a  larger  anticline. 

Near  the  south  line  of  the  SEJ4  of  SW>4  of  section  21,  T.  47N., 
R.  20W.,  two  long,  narrow,  parallel  rock  ridges  rise  on  the  west  bank  of 
Kettle  River  and  trend  southwestward.    The  larger  or  south  ridge  is  60 
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feet  wide  by  275  feet  long  and  rises  about  20  feet  above  the  stream.  The 
north  ridge  is  about  10  feet  wide  and  50  feet  long,  and  is  only  a  few  feet 
above  the  stream.  The  rock  is  a  dark  gray,  fine-grained,  dense  horn- 
blende schist  which  weathers  to  a  rusty  brown.  Locally  it  has  a  marked 
schistosity,  and  fine  mica  flakes  are  developed  along  the  cleavage  planes. 
The  strike  of  the  schistosity  is  about  N.20°E.  and  the  dip  is  80®  south- 
eastward. Much  of  the  fresh  rock  has  the  general  appearance  of  being 
dynamically  metamorphosed,  fine-grained,  dark  igneous  rocks,  but  the 
original  textures  have  been  obliterated  and  are  not  recognizable  in  the 
field. 

The  next  outcrop  of  schist  to  the  south  in  the  Kettle  River  valley  is 
near  the  mouth  of  Silver  Creek  in  the  SWJ4  of  NW54  of  section  16, 
T.  46N.,  R.  20W.  About  30  feet  from  the  mouth,  in  the  bed  of  the 
brook,  a  light  gray,  fine-grained  phyllite  crops  out  and  is  cut  by  a  quartz 
vein  trending  a  little  east  of  north  and  standing  almost  vertical.  This 
was  explored  for  gold  about  30  years  ago,  and  a  pit  10  feet  by  10  feet 
was  sunk  on  it  to  a  depth  of  about  30  feet. 

The  formation  outcrops  again  on  the  west  bank  of  Kettle  River  about 
130  feet  below  the  mouth  of  Silver  Creek,  making  a  vertical  cliff  15  to 
20  feet  high  for  a  distance  of  about  140  feet  along  the  river.  The  bed- 
ding is  brought  out  very  clearly  by  the  difference  in  the  coarseness  of 
the  original  sediments,  giving  lighter  and  darker  bands.  While  most 
of  the  rock  is  light  gray,  fine-grained  micaceous  phyllite,  portions  of  it 
are  highly  calcareous  and  other  portions  more  siliceous.  On  the  weathered 
surface,  the  interlayering  of  calcareous  portions  with  siliceous  portions 
is  clearly  shown.  The  general  strike  of  the  bedding  is  about  N.70®E. 
and  the  dips  vary  from  9°  to  17®  to  the  south,  due  to  minor  folding. 
These  minor  folds  pitch  eastward  at  an  angle  of  about  15°. 

Somewhat  over  a  quarter  of  a  mile  below  the  above  outcrop,  or  about 
the  west  central  part  of  the  NEj4  of  SW>4  of  section  16,  T.  46N.,  R. 
20W.,  on  the  west  bank  of  Kettle  River,  near  the  water's  edge,  is  an 
exposure  of  light  yellowish  gray,  finely  laminated  micaceous  phyllite. 
The  rock  is  badly  weathered  and  soft.  It  is  exposed  for  about  100  feet. 
The  strike  of  the  schistosity  is  about  N.45°E.  and  the  dip  varies.  At  the 
south  end  of  the  outcrop  it  is  25°N.,  while  in  the  central  and  northern 
parts  it  is  45°  to  the  south. 

At  this  locality,  an  outcrop  of  the  so-called  "Hinckley"  sandstone  is  re- 
ported,**  but  was  not  found  by  the  writers. 

In  the  NEJ4  of  section  22,  T.  46N.,  R.  20W.,  several  outcrops  of  dark, 
fine-grained  hornblende  schist  occur  as  ridges  on  both  sides  of  Gillespie 


•Winchell,  N.  H.,  The  geology  of  Carlton  County:    Geol.  and  Nat.  Hist.  Survey  of  Minn., 
Final  Rept.,  vol.  4,  1896-1898,  PI.  56  and  p.  z6,  i8s^. 
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Brook.  At  the  center  of  this  quarter  section,  on  the  north  side  of  the 
brook,  is  a  large  ridge  trending  about  east  and  west.  It  is  about  250  feet 
wide  and  800  feet  long,  and  rises  from  5  feet  to  25  feet  above  the  stream. 
In  part  it  is  covered  by  a  thin  mantle  of  soil  and  loose  blocks.  The  rock 
is  greenish  gray,  fine-grained,  sericitic,  hornblende  schist.  Small  specks 
and  blotches  of  sericite  cover  the  cleavage  surfaces.  The  schistosity  is 
well  developed  throughout,  striking  about  N.54°E.  and  dipping  35®SE. 

About  600  feet  north  of  this  outcrop  several  small  low  ridges  of  the 
same  kind  of  rock  crop  out.  The  strike  of  the  schistosity  is  N.75°E. 
and  the  dip  is  I9°S.  About  400  feet  southwest  of  the  center  of  the 
quarter  section  on  the  southwest  side  of  the  stream  a  triangular  ridge 
rises  from  6  to  15  feet  above  the  stream.  The  rock  is  the  same  greenish 
gray  schist.  The  schistosity  strikes  N.4i°E.  and  dips  3°  southeast.  On 
the  south  side  of  this  ridge  is  a  fine-grained,  gray,  mottled  rock  with 
brown  specks  roughly  parallel  to  a  poorly  developed  schistosity.  East 
of  the  above-mentioned  outcrop  on  the  south  side  of  the  brook,  a  long 
low  ridge  begins  about  200  feet  from  the  east  line  of  the  section  and  con- 
tinues eastward  parallel  with  the  stream  for  about  300  feet  in  section  23. 
The  ridge  rises  a  few  feet  above  the  stream  and  is,  for  the  most  part, 
covered  with  soil.  On  the  weathered  surface  the  outcrops  consist  of  a 
rusty  brown,  micaceous,  schistose  rock.  The  fresher  material,  however, 
is  fine-grained  gray  schist  with  small  rusty  brown  spots  parallel  to  the 
schistosity.  The  strike  of  the  schistosity  is  about  N.75°E.  and  the  dip 
I9°S.  The  rocks  composing  the  group  of  outcrops  in  sections  22  and  23 
are  mainly  fine-grained  hornblende  schists.  All  show  well-developed 
cleavage  and  banding.  They  have  somewhat  the  appearance  of  being 
dynamically  metamorphosed  dark  igneous  rocks,  but  the  original  texture 
is  no  longer  recognizable  and  they  are  therefore  grouped  with  the  schists 
and  slates.  They  resemble  closely,  however,  many  of  the  metamorphosed, 
fine-grained,  dark,  igneous  rocks  found  in  this  part  of  Carlton  County 
and  may  represent  a  more  advanced  stage  of  metamorphism. 

In  the  SW34  of  SEJ4  of  section  21,  T.  46N.,  R.  20W.,  about  a  quar- 
ter  of  a  mile  north  of  the  mouth  of  Gillespie  Brook,  on  the  east  bank  of 
Kettle  River,  an  outcrop  of  decomposed  schist  makes  a  cliff  10  to  30  feet 
above  the  stream,  for  a  distance  of  about  400  feet.  The  rock  is  a  badly 
weathered  schist,  reddish  and  yellowish  green  in  color  and  very  soft. 
It  is  broken  into  small  irregular  blocks  by  several  intersecting  sets  of 
joints.  The  rock  shows  a  fine  lamination  or  color  banding  parallel  to 
prominent,  gently  undulating,  parting  planes.  Small  flakes  of  sericite  and 
quartz  stringers  lie  parallel  to  the  lamination.  The  color  bands  may  be 
due  to  the  original  difference  in  the  material  of  different  layers,  or  it 
may  be  secondarily  developed  parallel  to  the  parting  planes.    The  strike 
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of  the  parting  planes  varies  from  N.8s°E.  at  the  north  end  of  the  out- 
crop to  N.6o°E.  at  the  south  end,  and  the  dip  from  9°N.  at  the  north  end 
to  25^SE.  at  the  south  end. 

About  700  feet  south  of  the  above  exposure,  on  the  west  bank  of  the 
river,  decomposed  schist  crops  out  in  a  vertical  cliff  about  20  feet  high. 
The  exposure  extends  for  150  feet  along  the  stream.  The  rock  is  like  that 
described  above.  At  the  foot  of  the  cliff,  however,  it  is  less  weathered 
and  consists  of  light  greenish  gray  schist.  Near  the  top  of  this  cliff  is  a 
rusty  light  green  schist  infiltrated  with  limonite.  The  rock  shows  un- 
dulating parting  planes  similar  to  those  in  the  outcrop  on  the  east  bank 
of  the  river. 

Just  below  the  mouth  of  Gillespie  Brook,  Kettle  River  turns  west- 
ward. About  500  feet  west  of  this  bend  on  the  north  side  of  Kettle  River 
a  low  rock  ridge  can  be  traced  by  frequent  small  exposures  from  the 
bank  of  the  river  northward  about  300  feet  to  an  east-west  road  which 
crosses  the  river  below  Gillespie  Brook.  A  small  outcrop  lies  in  the 
road  about  125  feet  farther  west.  On  the  river  bank  the  rock  forms  a 
cliflf  about  15  feet  high  and  is  exposed  for  a  distance  of  about  250  feet. 
Most  of  the  rock  in  this  exposure  is  the  same  rotted,  light,  rusty  green 
schist  as  that  occurring  along  the  river  above  the  mouth  of  Gillespie 
Brook,  although  some  of  the  less  decomposed  material  is  clearly  chloritic 
and  sericitic  schist.  At  the  west  end  of  the  outcrop,  however,  a  different 
type  of  rock  occurs.  It  is  not  finely  laminated  and  shows  no  color  band- 
ing, but  is  a  soft,  decomposed,  light  yellowish  green,  fine-grained  rock 
with  conchoidal  fracture.  Judging  from  its  structural  relation  to  the 
schist,  it  is  probably  a  dike  or  sill  of  decomposed  igneous  rock.  The 
contact  of  this  rock  and  the  schist  strikes  N.40*'E.  and  dips  47°SE.,  while 
the  banding  of  the  schist  strikes  about  N.34°E.  and  dips  25°SE.  The 
exposures  in  the  road  consist  of  decomposed,  greenish  brown  schistose 
rock  which  appears  to  have  been  chloritic  schist.  The  schistosity  strikes 
about  N.70°E.  and  dips  28°S. 

The  only  other  outcrop  of  greenish  brown  rotted  schist  occurring  in 
this  vicinity  forms  a  bank  15  feet  high  on  the  south  side  of  the  above- 
mentioned  road  about  350  feet  east  of  the  mouth  of  Gillespie  Brook,  in 
the  NWJ4  of  NE^  of  section  28,  T.  46N.,  R.  20W.  The  strike  of  the 
schistosity  is  about  N.70°E.  and  the  average  dip  is  about  50° S. 

Black  graphitic  schist  outcrops  in  a  low  mound  about  600  feet  south- 
west of  the  mouth  of  Gillespie  Brook  and  about  300  feet  from  the  south 
bank  of  Kettle  River,  in  the  NE>4  of  NW>^  of  section  28,  T.  46N.,  R. 
20W.  This  mound  is  about  50  feet  wide  east  and  west  and  about  80 
feet  long.  A  small  cut  10  by  20  feet,  and  6  feet  deep  at  the  face  has  been 
excavated  in  it.    The   rock  has  well-developed   schistosity   and   shows 


Digitized  by  VjOOQIC 


72  GEOLOGY  OF  EAST  CENTRAL  MINNESOTA 

cnunpled  and  crenulated  foliation  planes  along  which  graphite  is  devel- 
oped abundantly.  The  strike  of  the  schistosity  is  about  N.85^E.  and  the 
dip  about  35° S.  Near  the  surface  the  parting  planes  are  stained  with 
limonite.  Pyrite  crystals  and  small  cavities,  from  which  pyrite  has  been 
dissolved,  are  disseminated  through  the  schist.  Quartz  stringers  occur  in 
some  places. 

Below  the  outcrops  of  graphitic  and  other  schist  near  the  mouth  of 
Gillespie  Brook,  no  outcrops  are  found  along  Kettle  River  for  a  dis- 
tance of  about  three  fourths  of  a  mile.  Beyond  this,  however,  a 
group  of  exposures  occurs  in  the  southwestern  part  of  section  28 
and  the  southeastern  part  of  section  29,  T.  46N.,  R.  20W.,  forming  es- 
carpments along  the  river.  The  main  escarpment  on  the  east  side  of  the 
river  begins  in  the  NWJ^  of  SWJ4  of  section  28,  about  300  feet  east  of 
the  river,  and  continues  with  frequent  exposures,  southwestward  across 
the  southeast  comer  of  NE^  of  SEj4  of  section  29,  into  the  SEJ4  of 
SE34  of  section  29,  where  it  forms  a  vertical  cliff  20  feet  high  and  about 
350  feet  long  on  the  south  side  of  a  big  bend  which  occurs  in  the  river 
at  this  place.  The  outcrop  varies  in  width  from  a  few  feet  at  the  north 
end  to  400  feet  at  the  south  end.  Exposures  also  occur  on  the  west  side 
of  the  river  about  600  feet  north  of  the  big  bend  near  the  south  line  of 
the  NEJ4  of  SEy4  of  section  29.  A  rounded  hill  of  rock  about  230  feet 
wide  east  and  west  and  about  260  feet  long  rises  from  the  water's  edge 
to  a  height  of  about  30  feet. 

The  principal  rock  in  this  group  of  exposures  is  a  dark  greenish  g^ay, 
banded,  fine-grained,  micaceous  hornblende  schist.  There  is  an  alterna- 
tion of  bands  of  coarser  and  finer  grained  material.  The  schistosity  is 
parallel  to  the  banding  or  lamination.  Stringers  and  lenses  of  quartz  and 
quartz  and  calcite,  varying  from  a  fraction  of  an  inch  up  to  several 
inches  in  thickness  in  places  lie  parallel  to  the  lamination.  Generally  in 
the  larger  lenses  the  quartz  occupies  the  middle  zone  with  calcite  on 
either  side.  Quartz  and  calcite  also  form  thin  films  along  the  joint  planes. 
Pyrite  occurs  abundantly  as  small  stringers  along  the  banding  and  joint 
planes,  and  as  crystals  disseminated  through  the  rock.  At  the  north  end 
of  the  escarpment  the  banding  and  schistosity  strike  about  N.75°E.  and 
dip  40°S.,  and  at  the  south  end  they  strike  about  N.85°E.  and  dip  27^8. 
Gentle  undulations  occur  between  these  points.  At  the  outcrop  on  the 
west  side  of  the  river  the  strike  of  the  banding  and  schistosity  is  about 
N.85°E.  while  the  dip  is  to  the  south  at  low  angles. 

In  the  northeastern  part  of  the  NWH  of  NEj4  of  section  32,  T.  46N., 
R.  20W.,  a  low  narrow  outcrop  lies  at  the  water's  edge  on  the  west  bank 
of  Kettle  River.  The  rock  consists  of  alternate  layers  of  coarse-  and 
fine-grained,  light  gray  phyllite.    The  surface  is  stained  a  rusty  brown. 
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The  fine-grained  layers  are  much  contorted.  Quartz  lenses  parallel  to 
the  lamination  and  schistosity  are  fotmd  in  the  fine-grained  bands.  The 
strike  is  about  N.70°W.  and  the  dip  is  to  the  southwest  at  a  low  angle. 

About  a  quarter  of  a  mile  below  the  exposure  in  section  32,  Split  Rock 
River  flows  into  Kettle  River  from  the  northwest.  A  precipitous  cliff  of 
rock  forms  the  southwest  bank  of  Split  Rock  River  from  its  mouth  up 
stream  for  a  distance  of  about  300  feet.  Below  the  mouth,  the  cliff  con- 
tinues southward  along  the  west  bank  of  Kettle  River  for  about  1,200  feet. 
The  rock  is  light  to  dark  gray,  fine-grained,  micaceous  phyllite.  Alter- 
nations of  fine-grained  micaceous  with  coarser  grained  more  siliceous 
layers  bring  out  the  original  difference  in  the  sediments.  The  bedding 
and  schistosity  are  parallel  and  gently  undulating.  The  finer  grained 
layers  are  minutely  crenulated.  Small  lenses  of  quartz  occur  locally 
parallel  to  the  schistosity.  A  small  pegmatite  dike  parallel  to  the  schis- 
tosity is  exposed  for  a  few  feet  in  a  pit  about  50  feet  south  of  the  mouth 
of  Split  Rock  River.  Several  sets  of  intersecting  joints  cut  the  rock  into 
polygonal  blocks  of  various  sizes.  The  average  strike  of  the  schistosity 
and  lamination  is  about  N.8o°E.  and  the  dip  varies  from  15°  to  35°S. 

A  rock  similar  to  that  found  at  the  mouth  of  Split  Rock  River  is 
exposed  over  a  large  area  in  the  center  of  the  SE^  of  section  32,  T.  46N., 
R.  20W.  It  outcrops  along  the  west  bank  of  Kettle  River  for  a  distance 
of  about  a  quarter  of  a  mile  and  extends  westward  from  the  river  about 
the  same  distance.  The  outcrops  occur  on  a  burnt-over  tract  as  three 
large,  flat,  irregular  mounds  or  ridges.  The  rock  is  light  to  dark  gray, 
fine-grained,  banded  mica  schist  and  phyllite,  with  marked  schistosity  in 
general  parallel  to  the  banding.  The  more  micaceous  or  finer  grained 
layers  are  crenulated.  Quartz  occurs  in  lenses  parallel  to  the  schistosity 
and  also  in  veins  from  a  few  inches  to  several  feet  wide  cutting  across 
the  schistosity.  These  quartz  veins  strike  about  N.io°E.  and  stand  ver- 
tically. The  strike  of  the  bedding  and  schistosity  is  about  east  and  west 
and  the  dip  varies  from  3°  to  25^  south,  due  to  the  broad  low  undulations. 

The  phyllite  and  mica  schist  can  be  traced  southward  by  frequent 
outcrops  along  the  escarpment  on  the  west  side  of  the  river  to  the  south- 
east comer  of  section  32,  T.  46N.,  R.  20W.,  where  they  form  an  over- 
hanging cliff  about  20  feet  above  the  water.  This  cliff  continues  south- 
eastward along  the  river  for  about  600  feet  into  Pine  County,  cutting 
across  the  northeast  corner  of  section  5  and  ending  in  the  NWJ4  of 
NWJ4  of  section  4,  T.  45N.,  R.  20W.  The  average  strike  of  the  schis- 
tosity in  this  area  is  east  and  west  and  the  dip  is  about  20°  S. 

Farther  south  along  Kettle  River  in  northern  Pine  County,  a  number 
of  scattered  exposures  of  phyllite  and  mica  schist  occur  extending  through 
section  4  and  thence  southward  as  far  as  the  south  line  of  section  9,  T. 
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45N.,  R.  20W.,  below  which  point  no  schist  outcrops  are  known  on  Kettle 
River.  In  the  southwestern  part  of  the  SE^  of  NW>4  of  section  4, 
T.  45N.,  R.  20W.,  and  extending  southward  into  the  NEJ^  of  SWJ4  of 
section  4,  a  long  narrow  outcrop  of  schist  occurs  on  the  east  side  of 
Kettle  River.  It  forms  a  steep  cliff  along  the  river  bank  for  about  400 
feet  and  then  extends  southeastward  as  a  high  escarpment,  a  short  dis- 
tance from  the  river,  for  about  800  feet,  with  frequent  outcrops.  The 
rock  consists  of  alternate  layers  of  quartzitic  and  micaceous,  light  to 
dark  gray  phyllite  and  mica  schist.  The  darker  micaceous  bands  are 
crenulated,  while  the  quartzitic  layers  are  evenly  schistose.  Lenses  of 
quartz,  with  scattered  hornblende  and  garnet,  occur  parallel  to  the 
schistosity.  Near  the  south  end  a  vertical  northwestward  striking  quartz 
vein  about  10  feet  wide  cuts  the  schist.  The  strike  of  the  layering  of 
the  mica  schist  is  about  east  and  west,  and  the  dip  varies  from  2°N.  to 
30°  S.,  due  to  minor  folding. 

About  a  quarter  of  a  mile  to  the  southwest,  in  the  northeast  comer 
of  the  SW34  of  SW>4  of  section  4,  T.  45N.,  R.  20W.,  are  two  small 
outcrops  of  mica  schist  on  the  west  bank  of  Kettle  River  near  the  water's 
edge.  The  larger  one  is  exposed  for  about  120  feet  and  rises  from  2 
to  5  feet  above  the  river.  The  smaller  one  is  exposed  for  about  10  feet 
at  the  water's  edge.  The  strike  of  the  schistosity  is  about  N.8o°E.  and 
the  dip  is  18°  S. 

In  the  Eyi  of  NW>^  of  section  9,  T.  4SN.,  R.  20W.,  on  the  east  bank 
of  Kettle  River,  about  800  feet  south  of  the  Minneapolis,  St.  Paul,  and 
Sault  Ste.  Marie  Railroad  bridge  over  Kettle  River,  an  outcrop  b^ns 
which  continues  southward  along  the  river  for  about  650  feet.  The  out- 
crop lies  at  the  water's  edge.  The  rock  is  a  light  gray,  gametiferous, 
mica  schist.  Some  layers  are  very  siliceous  and  contain  abundant  small 
flakes  of  biotite  and  muscovite  in  a  sugary  quartz  matrix.  These  alter- 
nate with  layers  in  which  the  mica  occurs  in  coarser  folia  and  quartz  is 
present  in  minor  amount.  Lense-like  inclusions  of  sugary  quartz  con- 
taining abundant  greenish  black  hornblende  and  some  garnet  are  found 
parallel  to  the  schistosity.  The  strike  of  the  schistosity  is  about  east 
and  west  and  the  dip  varies  from  20°  to  30°  S. 

A  similar  schist  outcrops  in  the  south  central  part  of  the  NEJ^  of 
SWJ4  of  section  9,  T.  4SN.,  R.  20W.,  on  the  southeast  bank  of  Kettle 
River  for  a  distance  of  about  600  feet.  The  strike  is  N.8o°E.  and  the 
dip  is  30° S.  This  is  the  southernmost  known  outcrop  of  this  series  of 
rocks  on  Kettle  River.  About  a  mile  and  a  quarter  below  it,  sandstone 
blocks  and  boulders  are  abundant  in  the  drift.  With  the  exception  of  a 
small  outcrop  reported  to  occur  near  Willow  River,  however,  there  are 
no  outcrops  of  the  so-called  Hinckley  sandstone  along  Kettle  River  for 
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more  than  lo  miles  below  the  southernmost  mica  schist  outcrop,  and  it 
is  possible  that  the  schist  forms  the  bedrock  over  a  part  of  this  area. 

In  the  central  and  eastern  parts  of  Carlton  County,  east  of  the  Kettle 
River  valley,  outcrops  of  schist,  phyllite,  graywacke,  and  slate  are  more 
abundant  than  in  the  Kettle  River  region.  They  extend  as  scattered  ex- 
posures and  groups  of  exposures  from  Moose  Lake  in  the  south  central 
part  of  the  county  to  Qoquet  in  the  northeastern  part.  In  some  places 
outcrops  cover  many  acres  while  elsewhere  small  isolated  exposures  are 
fotmd.  For  the  most  part,  however,  the  mantle  of  glacial  till  is  thin 
and  the  bed  rock  is  probably  not  far  below  the  surface  throughout  this 
r^on  even  where  outcrops  are  small  and  scattered. 

At  Moose  Lake  mica  schist  is  found  northeast,  north,  west,  and  south- 
west of  the  town  along  both  the  Minneapolis,  St.  Paul,  and  Sault  Ste. 
Marie,  and  the  Northern  Pacific  railroads.  The  scattered  outcrops  cover 
an  area  roughly  2  miles  long  and  ranging  up  to  perhaps  1,000  feet  in 
width.  In  the  NEJ^  of  section  20,  T.  46N.,  R.  19W.,  the  Minneapolis, 
St.  Paul,  and  Sault  Ste.  Marie  Railroad  rtms  in  a  rock  cut  from  a  few 
feet  up  to  15  feet  deep  for  a  distance  of  about  2,000  feet.  The  rock  is 
light  to  dark  gray,  finely  to  coarsely  crystalline  phyllite  and  mica  schist. 
The  lighter  gray  layers  are  siliceous  and  fine-grained,  while  the  darker 
layers  are  rich  in  mica  and  are  more  coarsely  crystalline.  The  micaceous 
layers  show  fine  crenulation  and  give  shining,  glossy,  cleavage  surfaces. 
Quartz  occurs  in  lenses  parallel  to  the  schistosity  and  also  as  veins  and 
thin  films  along  some  of  the  joint  planes.  About  800  feet  from  the  north 
end  of  the  cut,  a  vertical  dike  of  fresh,  grayish  black,  fine-grained, 
massive,  igneous  rock  about  11  feet  wide  cuts  the  schist,  striking  about 
N.7S®W-  At  the  contact  with  the  schist,  the  rock  is  extremely  fine  tex- 
tured but  becomes  coarser  toward  the  center  of  the  dike.  The  contact  is 
sharp  and  the  schist  is  hardened  within  a  few  inches  of  the  contact  and 
its  schistose  structure  is  destroyed.  The  schistosity  shows  low,  broad, 
undulations  along  the  walls  of  the  cut.  The  average  strike  is  about 
N.6o°E.  and  the  dip  varies  from  5°  to  40^SE. 

The  phyllite  and  mica  schists  continue  as  a  ridge  southwestward  from 
the  railroad  cut  for  about  a  mile,  where  they  are  cut  through  by  the 
Northern  Pacific  Railroad  in  the  NE>i  of  NWJ4  of  section  29.  The 
ridge  lies  between  the  tracks  of  the  two  railroad  lines,  and  rises  about  30 
feet  above  the  grade  of  the  Northern  Pacific  Railroad.  Small  outcrops 
are  abundant  along  it.  To  the  southwest  it  is  lower  and  gradually  dis- 
appears beyond  the  Northern  Pacific  railroad  tracks.  In  the  rock  cut 
on  the  Northern  Pacific  Railroad  in  the  southeast  comer  of  SEJ4  of 
SWJ4  of  section  20,  and  in  the  northeastern  part  of  the  NEj4  of  NWj4 
of  section  29,  the  rock  is  exposed  continuously  for  about  500  feet  on  the 


Digitized  by  VjOOQIC 


76  GEOLOGY  OF  EAST  CENTRAL  MINNESOTA 

northwest  side  of  the  railroad.    It  shows  low,  broad,  undtdatioiis  in  the 
schistosity  which  has  a  general  low  dip  to  the  east. 

Just  northeast  of  Moose  Lake  in  the  north  central  part  of  the  NE>^ 
of  NW>^  of  section  21,  T.  46N.,  R.  19W.,  is  a  low,  rounded  mound  50 
by  60  feet,  about  170  feet  northwest  of  the  Northern  Pacific  Railroad 
tracks.  The  mound  consists  of  interlayered  quartzitic  and  micaceous 
schists.  The  light  gray  siliceous  layers  are  thicker  than  those  in  the 
rock  forming  the  ridge  northwest  and  west  of  Moose  Lake;  individual 
layers  reach  a  thickness  of  2  feet.  The  strike  of  the  layering  is  about 
N.8s^E.  and  the  dip  15^8. 

About  one  third  of  a  mile  farther  northeast,  an  outcrop  of  mica  schist 
occurs  in  the  bed  of  a  small  stream  in  the  north  central  part  of  the  SW^ 
of  SEJ4  of  section  16,  T.  46N.,  R.  19W.  The  rock  is  exposed  for  about 
40  feet  and  is  similar  to  that  in  the  cut  at  Moose  Lake.  The  strike  of 
the  layers  is  about  N.42°E.  and  the  dip  is  6^SE.  Loose  boulders  and 
irr^[ular  blocks  of  the  same  kind  of  rock  occur  abundantly  in  the  drift 
for  several  hundred  feet  to  the  southwest. 

The  next  important  group  of  outcrops  to  the  northeast  is  that  near 
Bamum.  At  the  railroad  station  and  extending  westward  from  it  is  a 
large  flat  area  of  irregular  outline  in  which  rock  exposures  are  abundant. 
The  area  is  in  the  western  part  of  the  NW>4  of  section  i,  T.  46N.,  R. 
19W.,  the  NE>4  and  the  northeastern  part  of  the  NEJ4  of  NW>4  of 
section  2,  T.  46N.,  R.  19W.,  the  southeastern  part  of  the  SEji  of  SWj4 
and  the  southern  part  of  the  SEj4  of  section  35,  T.  47N.,  R.  19W.  It 
rises  as  a  small  upland  3  to  10  feet  above  the  surrounding  low  land^  and 
in  places  forms  a  vertical  escarpment  along  the  borders.  Parts  of  it 
are  concealed  by  a  thin  veneer  of  soil.  The  rock  is  phyllite  and  mica 
schist.  Thin  layers  of  glossy,  dark  gray,  micaceous  rock  with  wavy 
cleavage  planes  are  interbedded  with  heavy,  massive,  layers  of  fine- 
grained lighter  gray  graywacke.  These  massive  beds  are  from  2  to  10 
feet  thick  and  some  of  them  are  highly  calcareous.  Scattered  stringers 
and  lenses  of  quartz  parallel  to  the  schistosity  are  abundant  in  the  mica- 
ceous layers,  and  calcareous  concretions  or  lenticular  rusty  brown  cavi- 
ties from  which  they  have  been  dissolved,  are  found  in  some  of  the  mas- 
sive beds.  The  average  strike  of  the  bedding  is  about  east  and  west  and 
the  dip  varies  from  0°  to  35° S.  Small  drag  folds  pitching  from  o®  to 
35®  to  the  east  are  abundant  in  the  micaceous  layers.  The  outcrop  as  a 
whole  appears  to  be  on  the  south  limb  of  a  larger  eastward  pitching  anti- 
cline. 

About  5  miles  west  of  north  from  Bamum  on  the  West  Brandi  of 
Moose  Horn  River,  in  the  SWJ4  of  NW>4  and  the  NWJ^  of  SWJ^  of 
section  15,  T.  47N.,  R.  19W.,  black  slate  and  associated  altered  diabase 
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crop  out  along  the  river  bed  for  a  distance  of  about  one  half  mile.  The 
exposures  are  practically  continuous  for  this  distance  and  rise  on  either 
side  of  the  stream  from  a  few  inches  up  to  about  5  feet.  The  southern 
part  of  the  outcrop  is  black  carbonaceous  slate,  probably  largely  graphitic, 
the  strike  and  dip  of  which  vary  in  short  distances  due  to  minor  folding. 
Lai^e  crystals  of  pyrite  occur  in  it  abundantly.  A  well-developed  fracture 
cleavage  has  been  superimposed  on  the  slaty  cleavage  and  is  almost  at 
right  angles  to  it.  The  large  structural  feature  indicated  by  the  slate  out- 
crop is  a  southward  dipping  monocline,  with  minor  drag  folds,  forming 
the  south  limb  of  an  eastward  pitching  anticline.  The  northern  part  of 
the  outcrop  consists  of  dark,  grayish-green,  medium-grained,  altered  dia- 
base, containing  abundant  scattered  pyrite.  The  contact  of  the  diabase 
and  slate  is  not  exposed,  but  it  seems  probable  that  the  diabase  forms  a 
large  intrusion  in  the  black  slate. 

About  6  miles  northeast  of  Bamum  near  Mahtowa,  a  station  on  the 
Northern  Pacific  Railroad,  are  ntunerous  exposures  of  schist  and  slate 
and  some  of  dark  igneous  rock.  They  are  found  chiefly  along  Moose 
Horn  River  and  its  branches  from  Mahtowa  northward  to  Park  Lake. 
Throughout  most  of  the  r^on  the  bedrock  where  not  exposed  is  com- 
paratively near  the  surface. 

In  the  NW>4  of  SEJ4  of  section  8,  T.  47N.,  R.  18W.,  in  a  meadow 
about  1,000  feet  southeast  of  the  center  of  the  section,  two  pits,  100  feet 
apart,  pass  through  a  thin  mantle  of  glacial  drift  into  bed  rode  The 
pits  are  8  by  12  feet  and  are  reported  to  be  30  feet  deep.  The  rock  con- 
sists of  layers  of  a  light  gray  and  dark  gray,  fine-grained  phyllite  and 
slate,  black  carbonaceous  slate,  and  grayish  black,  dense,  finely  laminated 
amphibole  schist  or  amphibolite.  Small  quartz  lenses  and  stringers  of 
carbonate  occur  parallel  to  the  cleavage.  Crystals  of  pyrite  are  abundant. 
In  the  west  pit  the  cleavage  and  lamination  strike  about  N.yy^VJ.  and 
dip  i6°S.,  and  in  the  east  pit  they  strike  about  N.70*'W.  and  dip  8s®N. 
About  700  feet  northeast  of  these  pits  is  another  pit,  partly  filled,  which 
has  black  carbonaceous  slate  on  the  dump. 

In  the  northwestern  comer  of  this  40-acre  tract  are  several  small,  low, 
shattered  outcrops  of  a  light  gray,  fine-grained  phyllite.  No  satisfactory 
observations  could  be  made  as  to  strike  and  dip. 

Another  outcrop  of  phyllite,  slate,  and  amphibolite  occurs  in  the  north- 
eastern part  of  section  8  in  a  low  round  knoll  on  the  north-south  line 
between  tfie  NEJ4  of  NEj4  and  NW>4  of  NEJ^,  about  80  feet  south  of 
the  north  line  of  the  section.  The  knoll  is  250  feet  wide  east  and  west 
and  about  300  feet  long,  lying  west  of  Moose  Horn  River.  The  outcrop 
is  mainly  fine-grained  laminated  amphibole  schist,  but  includes  some  layers 
of  finely  micaceous  phyllite  and  slate.    The  cleavage  is  well  developed  in 
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the  micaceous  phases,  but  less  so  in  the  amphibolitic  phases.  Some  mica- 
ceous layers  show  crenulated  cleavage.  The  weathered  amphibole  schist, 
or  amphibolite,  is  speckled  with  abundant  minute  spots  of  light  brown 
ocherous  limonite,  the  decomposition  product  either  of  ferrous  carbonate 
or  of  some  ferrous  silicate.  Some  of  the  rock  has  a  rusty  brown  color 
due  to  the  abundance  of  limonite.  The  slate  and  phyllite  layers  are  sub- 
ordinate to  the  amphibolite  layers.  All  are  comparatively  thin-bedded. 
The  rock  lies  in  a  series  of  small  anticlines  and  syndines  forming  a 
larger  westward  pitching  anticline.  The  axis  strikes  about  N.75**E.  and 
pitches  about  6o^W. 

About  250  feet  southwest  of  the  northeast  comer  of  the  SWJ4  ot 
SEJ4  of  section  5,  T.  47N.,  R.  18W.,  two  pits  were  sunk  about  ten 
years  ago  in  black  carbonaceous  slate,  probably  largely  graphitic.  The 
pits  are  10  by  15  feet,  and  about  30  feet  deep.  The  north  pit  passes 
through  20  feet  of  black  slate  into  a  glossy,  light  gray,  micaceous  slate 
and  phyllite.  The  strike  of  the  schistosity  of  the  black  slate  is  N.70®E., 
and  the  dip  is  26^  S.  The  south  pit  was  sunk  on  a  quartz  vein  about  2J/2 
feet  wide.  The  vein  strikes  about  north  and  south  and  stands  vertically, 
while  the  schistosity  of  the  slate  strikes  N.66°E.  and  dips  37*^5.  Pyrite 
occurs  abundantly  in  the  black  slate  as  narrow  stringers  parallel  to  the 
schistosity  and  also  as  large  cubical  crystals,  an  inch  or  more  along  the 
side,  which  have  grown  without  reference  to  the  cleavage.  In  many 
cases  the  cleavage  of  the  slate  is  shown  by  parallel  lines  cutting  across 
the  crystals  of  pyrite,  and  thin  parallel  folia  of  slate  are  frequently  in- 
cluded within  the  pyrite  crystals.  This  shows  that  the  pyrite  is  second- 
ary, having  developed  during  or  after  the  metamorphism  of  the  black 
slate  in  the  same  manner  that  the  staurolite  crystals  are  developed  in 
the  garnet! ferous  schist  of  the  Little  Falls  region.    (See  page  62.) 

A  small,  low  outcrop  of  black  slate  is  found  450  feet  south  of  the 
pits  in  the  same  40-acre  tract. 

In  the  Eyi  of  SEJ4  of  section  5,  T.  47N.,  R.  18W.,  small  exposures 
of  black  slate  occur  frequently  on  both  sides  of  the  northwest  road  and 
in  the  bed  of  Park  Lake  River.  These  outcrops  are  low  and  shattered. 
A  small  pit  on  the  east  side  of  the  road,  about  800  feet  north  and  300 
feet  west  of  the  southeast  corner  of  the  section,  was  dug  in  black  slate, 
as  shown  by  the  material  on  the  dump.  Much  pyrite  occurs  in  this  slate 
along  cleavage  planes.  About  50  feet  east  of  the  pit  is  a  shallow  trench, 
2  feet  wide,  trending  north  and  south,  exposing  the  black  slate  for  a 
distance  of  60  feet.  The  rock  is  covered  by  only  a  few  inches  of  soil. 
The  cleavage  strikes  N.70°E.  and  dips  75° S.  About  200  feet  north  of 
the  pit  on  the  west  side  of  the  road  black  slate  crops  out  over  a  small  area, 
while  400  feet  farther  northeast  on  the  east  side  of  the  road,  light  gray 
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micaceous  quartzite  or  graywacke  crops  out  along  the  east  section  line 
and  continues  into  section  4.  The  rock  is  massive  and  in  general  has  a 
poorly  developed  cleavage.  The  strike  of  the  layering  is  N.7o°E.  and 
the  dip  is  5o°S.  Several  small  exposures  of  black  slate  occur  a  short 
distance  north  and  northwest  of  this  outcrop  on  both  sides  of  the  road. 

In  the  SWJ4  of  NE>4  of  section  5,  T.  47N.,  R.  18W.,  farther  north- 
westward along  the  road,  black  slate  is  exposed  at  frequent  intervals  for 
a  distance  of  about  700  feet.  The  rock  occurs  in  low  ridges  on  both  sides 
of  the  road  and  has  also  been  exposed  in  the  grading.  The  strike  of  the 
cleavage  at  the  south  end  of  this  area  is  about  N.75*'E.  and  the  dip  is 
40°S. ;  at  the  north  end  the  strike  is  about  N.75°E.  and  the  dip  is  75°S. 

A  number  of  outcrops  of  graywacke,  slate,  and  phyllite  occur  along 
the  west  line  of  section  4,  T.  47N.,  R.  18W.  south  of  the  west  quarter 
corner.  As  has  been  mentioned,  some  of  these  extend  westward  into  sec- 
tion 5  and  most  of  them  also  continue  for  a  short  distance  eastward  into 
section  4. 

An  outcrop  of  light  gray  phyllite  and  black  slate  occurs  near  the 
center  of  section  4.  It  lies  on  the  west  side  of  the  north-south  road 
running  along  the  east  line  of  the  NEJ4  of  SW>4  of  the  section.  The 
outcrop  begins  at  the  northeast  comer  of  this  40-acre  tract  (at  the 
center  of  section  4)  and  continues  southward  along  the  road  for  about 
800  feet.  The  outcrop  extends  westward  from  the  road  50  feet  at  the 
north  end  of  the  outcrop,  and  200  feet  at  the  south  end.  It  is  a  low  flat 
exposure,  the  west  margin  forming  a  westward  facing  escarpment  6  to 
8  feet  above  the  general  level  of  Moose  River,  which  is  a  short  distance 
west.  The  outcrop  is  made  up  of  alternate  layers  of  light  to  dark  gray 
phyllite  and  black  slate.  The  dark  bands  contain  carbonate  minerals  and 
are  mottled  with  small  porous  specks  of  limonite.  The  outcrop  is  a  large 
anticline  with  small  drag  folds  on  both  limbs.  The  strike  of  the  axis  is 
N.8o''E.  and  the  pitch  is  20°E. 

A  number  of  scattered  outcrops  of  light  gray  phyllite  and  dark  gray 
slate  occur  in  the  Ej4  of  NEJ4  of  section  4,  T.  47N.,  R.  18W.  The 
rock  is  badly  broken  and  rises  only  a  few  inches  above  the  soil.  No  sat- 
isfactory observations  could  be  made  on  the  attitude  of  the  rock  in  most 
of  the  outcrops.  Near  the  southeast  comer  of  the  NEj4  of  NEJ^  of 
the  section,  however,  dark  gray  slate  striking  about  N.86®E.  and  dipping 
45*^5.  crops  out  in  a  low  ridge  about  200  feet  long,  east  and  west  and 
about  60  feet  wide. 

Three  and  one-half  miles  north  of  east  from  Mahtowa  near  the 
center  of  NEJ4  of  SEJ^  of  section  i,  T.  47N.,  R.  18W.,  is  a  small  out- 
crop of  light  gray,  fine-grained  graywacke.  The  outcrop  is  broken  and 
covered  with  loose  blocks.  No  satisfactory  observations  could  be  made 
as  to  strike  and  dip. 
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Sevo^al  rock  exposures  of  varying  size  are  found  in  the  SE^  of 
section  31,  T.  48N.,  R.  18W.  The  northern  and  easternmost  of  these 
is  a  low  outcrop  of  a  light  gray,  medium-grained  graywadce  occurring 
near  the  center  of  the  east-west  line  along  the  north  side  of  the  NE^  of 
SEyi  of  the  section.   The  attitude  of  the  graywacke  is  tmcertain. 

In  the  W}^  of  the  quarter  section,  several  outcrops  are  found  con- 
sisting mainly  of  slate,  phyllite,  and  graywacke.  The  most  northerly  of 
these  is  about  400  feet  west  and  350  feet  south  of  the  northeast  comer 
of  the  NW^  of  SEji  of  section  31.  It  is  5  feet  wide  and  10  feet  long 
and  rises  only  a  few  inches  above  the  surface.  The  rock  is  dense,  light 
gray,  fine-grained  graywacke.  The  weathered  rock  is  full  of  minute 
brownish  yellow  specks  of  limonite.  The  graywacke  has  a  poorly  de- 
veloped schistosity,  which  strikes  N.84®E.  and  dips  64^8. 

About  400  feet  southwest  of  this  outcrop,  a  3-inch  vertical  hole  was 
drilled  to  a  depth  stated  to  be  330  feet.  No  accurate  log  was  kept  of 
the  drilling,  as  far  as  known.  The  information  available,  however,  and 
an  examination  of  the  core,  indicates  that  the  upper  part  of  the  hole  is 
in  dense,  dark  gray,  finely  micaceous  graywacke  and  that  below  this, 
black,  carbonaceous  (probably  largely  graphitic)  slate  was  encountered. 
The  cleavage  in  both  rocks  is  well  developed.  The  cleavage  surface  of 
some  of  the  black  slate  has  a  mottled  appearance  caused  by  small,  scat- 
tered, shiny,  black  particles.  The  dip  of  the  cleavage  is  50^,  probably  to 
the  south. 

About  450  feet  somewhat  east  of  south  from  the  drill  hole  there  are 
several  small  outcrops  of  light  gray,  medium-coarse  graywacke.  In  some 
there  is  a  slight  orientation  of  Uie  flaky  minerals  producing  a  poorly 
developed  schistosity.  Similar  rock  in  small  scattered  exposures  is  found 
about  1,000  feet  west  of  this  exposure  in  the  southeastern  part  of  the 
NEJ4  of  SWJ^  of  section  31. 

In  the  western  part  of  the  SEJ4  of  SEJ^  of  section  31,  T.  48N.,  R. 
18W.,  about  one  third  of  a  mile  southeast  of  the  drill  hole,  are  several 
long,  low,  narrow,  parallel  ridges  consisting  of  alternate  layers  of  phyl- 
lite,  slate,  and  graywacke.  The  ridges  vary  in  length  from  50  to  300 
feet  and  in  width  from  10  to  50  feet,  their  longer  axes  being  parallel  to 
the  strike  of  the  rocks.  The  slate  and  phyllite  are  dark  gray  and  occur 
as  narrow  beds  from  a  few  inches  to  a  foot  thick  in  the  heavy-bedded, 
lighter  gray,  fine-grained  graywacke.  These  rocks  lithologically  are  sim- 
ilar to  those  south  of  Park  Lake,  which  are  described  later.  The  strike  of 
the  bedding  is  N.53^E.  and  the  dip  is  42°SE.  Minor  drag  folds  in  the 
slate  pitdi  northeastward  at  low  angles.  The  rocks  appear  to  be  on  the 
south  limb  of  a  larger  anticline. 

About  ten  years  ago,  in  prospecting  for  coal,  two  pits  were  sunk  just 
west  of  the  dwelling  house  of  J.  P.  Peterson  in  the  SW>4  of  NWJ^  of 
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section  33,  T.  48N.,  R.  18W.  The  larger  pit  is  350  feet  south  and  70 
feet  east  of  the  northwest  comer  of  this  40-acre  tract,  on  the  east 
side  of  Park  Lake  Creek.  It  is  15  feet  by  20  feet,  and  30  feet  deep.  In 
the  bottom  a  3-inch  vertical  hole  was  put  down  80  feet.  The  pit  is  now 
caved  and  partly  filled  with  water.  The  small  pit,  75  feet  to  the  south, 
is  5  feet  by  5  feet  and  was  sunk  to  a  depth  of  8  feet.  The  surface  ma- 
terial is  from  2  feet  to  10  feet  in  thickness.  The  rock  in  both  pits  is 
black  carbonaceous  slate,  much  fractured  and  impregnated  with  pyrite 
and  quartz.  The  more  highly  carbonaceous  phases  of  the  slate  are  dull, 
earthy,  and  soft.  Other  phases  are  harder  and  show  slickensides  in  sev- 
eral directions.  Some  graphite  in  shiny  films  is  developed  along  the 
slickensides  and  along  fracture  planes.  On  account  of  the  caving  and 
water,  the  attitude  of  the  slate  could  not  be  determined.  The  cleavage  in 
a  piece  of  core  taken  from  the  larger  pit  shows  a  dip  of  about  45®.  This 
dip  is  probably  south,  judging  from  the  structure  of  slate  outcrops 
nearby. 

In  the  region  south  and  southwest  of  Park  Lake  are  extensive  out- 
crops of  slate  and  graywacke,  covering  considerable  areas  in  sections 
29,  30,  and  31,  T.  48N.,  R.  18W.  The  northernmost  of  these  exposures 
are  found  on  the  south  shore  of  the  lake  in  the  SEj4  of  NW>4  of  sec- 
tion 29.  They  rise  about  10  feet  above  the  level  of  the  lake  and  slope 
out  into  the  lake  beneath  the  water.  Near  the  shore  they  form  several 
small,  low  rock  islands.  Most  of  the  rock  is  massive,  medium-grained, 
light  gray  graywacke,  with  small  bands  of  fine-grained,  darker,  slaty  ma- 
terial, with  well-developed  cleavage.  Glacial  grooves  and  striations  trend- 
ing N.6o®W.  are  seen  on  outcrops  of  the  coarser  phases.  The  strike  of 
the  formation  varies  from  east  and  west  to  N.70°W.  and  the  dip  varies 
due  to  minor  folding.  Drag  folds  show  that  the  outcrops  are  on  the  north 
limb  of  an  anticline. 

About  350  feet  south  of  the  center  of  section  29,  T.  48N.,  R.  18W., 
on  the  north-south  road  running  southward  from  Park  Lake,  graywacke 
and  slate  exposures  occur  as  low,  narrow  ridges  crossing  the  road  in  an 
east-west  direction.  The  width  of  the  group  of  exposures  where  it 
crosses  the  road  is  more  than  a  quarter  of  a  mile,  and  it  extends  east- 
ward into  the  Wj4  of  SEJ4  of  section  29  for  a  maximum  distance  of 
250  feet.  The  group  is  at  the  northeast  end  of  a  large  area  of  exposures 
which  continues  from  this  point  southwestward  across  the  SW>4  of  sec- 
tion 29,  the  southeast  half  of  the  SE>^  of  SE>^  of  section  30,  the  north- 
west half  of  NE>4  of  NEJ4  of  section  31,  T.  48N.,  R.  18W.  Through- 
out this  area  exposures  are  more  or  less  continuous.  South  of  its  west 
end,  small  scattered  rock  ridges  occur  for  a  distance  of  about  800  feet 
farther,  being  partly  in  the  SE>4  of  NEj4  and  partly  in  the  SWM  of 
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NE^  of  section  31.  The  main  belt  of  exposures  consists  of  many  parallel 
rock  ridges  of  varying  size.  They  range  from  5  feet  to  600  feet  in  width 
and  from  10  to  2,100  feet  in  length,  and  rise  above  the  surrounding  soil 
from  a  few  inches  up  to  15  feet.  The  ridges  are  separated  .from  each 
other  by  lower  marshy  ground,  the  distance  between  the  ridges  varying 
from  20  feet  to  400  feet.  Their  longer  axes  strike  east-west  or  a  few 
degrees  south  of  east. 

The  outcrops  throughout  the  area  are  made  up  mainly  of  alternate 
bands  of  medium  coarse-grained  graywacke  and  fine-grained  slate.  These 
bands  vary  in  thickness  from  a  fraction  of  an  inch  up  to  several  feet ;  the 
graywacke  is  more  abundant  than  the  slate  and  occurs  in  thicker,  more 
massive  beds.  Locally  fine  micaceous  phyllite  occurs  where  deformation 
has  been  somewhat  more  intense,  or  where  shearing  has  taken  place. 
The  slate  is  darker  than  the  graywacke  and  has  a  well-developed  cleav- 
age. Some  of  the  coarser  graywacke  phases,  also,  show  a  slight  schistos- 
ity.  Small,  elongated,  nodules  or  concretions  of  calcareous  material  oc- 
cur in  broken  bands  in  the  graywacke,  and  appear  as  cavities  on  the 
weathered  surface.  Quartz  occurs  sparingly  as  stringers  between  the 
bedding  in  the  minor  folds  and  as  thin  films  along  some  of  the  joint  planes. 
Small  grains  of  pyrite  are  abundant  in  the  coarser  material,  and  on 
weathering  leave  small  cavities  with  a  rusty  stain.  Several  sets  of  joints 
cut  the  rocks  into  polygonal  blocks  of  various  sizes. 

The  rocks  are  folded  into  a  series  of  small  anticlines  and  synclines  of 
several  orders,  with  the  axes  at  the  crests  and  troughs  horizontal  or 
pitching  up  to  5°  either  to  the  east  or  to  the  west.  The  average  strike 
of  the  axial  planes  is  about  N.77*'W.  From  a  study  of  the  drag  folds 
and  the  relation  of  cleavage  to  the  bedding,  it  appears  that  the  Park  Lake 
series  of  outcrops  forms  a  low  flat  anticlinoritun. 

A  short  distance  south  of  the  main  Park  Lake  area  of  slate  and  gray- 
wacke outcrops  is  a  small  exposure  of  phyllite.  It  is  located  on  the  north 
side  of  the  east-west  road  between  sections  29  and  32,  T.  48N.,  R.  18W., 
about  100  feet  east  of  the  southwest  comer  of  the  SEJ4  of  SWJ4  of 
section  29,  T.  48N.,  R.  18W.  The  rock  is  light  gray,  and  on  the  weathered 
surface  is  mottled,  the  mottling  being  due  to  small  cavities  containing 
limonite  derived  from  the  weathering  of  some  disseminated  iron-bearing 
mineral.    The  schistosity  strikes  N.82°W.  and  dips  35*'S. 

Numerous  outcrops  of  slate  and  graywacke  are  found  in  the  region 
between  Park  Lake  and  Atkinson,  most  of  them  are  ridges  trending 
approximately  east  and  west.  The  most  westerly  of  these  is  about  a  mile 
south  of  east  from  Park  Lake  in  the  southeastern  part  of  section  28,  T. 
48N.,  R.  18W.  Two  long,  low,  narrow  ridges  are  situated  along  the 
east-west  road  on  the  south  line  of  the  NW^  of  SEJ4  of  section  28. 
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The  south  ridge,  about  30  feet  wide,  lies  about  200  feet  west  of  the  south- 
east comer  of  the  40-acre  tract,  and  extends  westward  along  the  road 
for  about  470  feet.  Ten  feet  north  on  the  roadside  is  a  smaller  ridge 
about  200  feet  long  and  25  feet  wide.  The  outcrop  in  the  road  consists 
of  gray,  medium  fine-grained  graywacke  cut  into  polygonal  blocks,  i  to 
4  feet  long  by  intersecting  joints.  Cavities  formed  from  the  more  easily 
weathered  carbonate  nodules  occur  in  bands  bearing  about  east  and  west. 
Locally  there  is  a  poorly  developed  schistosity  striking  N.8o°W.  and 
dipping  34°S.  The  outcrop  north  of  the  road  is  made  up  of  alternate 
bands  of  fine-grained,  dark  gray  slate  and  medium  fine-grained,  lighter 
colored  graywacke.  These  bands  vary  in  thickness  from  2  inches  to  a 
foot  or  more.  Single  bands  can  be  followed  the  entire  length  of  the 
outcrop.    The  strike  of  the  layers  is  N.88°W.  and  the  dip  se^'N. 

About  a  mile  east  of  the  exposures  in  section  28,  a  series  of  more  or 
less  parallel  east-west  rock  ridges  occurs  in  the  east  central  part  of  the 
E^  of  SEJ4  of  section  27,  T.  48N.,  R.  18W.,  and  continues  eastward 
across  the  central  part  of  the  SWJ4  ot  section  26.  The  ridges  vary  up 
to  600  feet  in  length  and  from  10  to  300  feet  in  width,  and  rise  from 
2  to  20  feet  above  the  intervening  depressions.  Prominent  ridges  are 
f  oimd  on  both  sides  of  the  east-west  road  leading  to  Atkinson,  the  largest 
being  on  the  south  side.  The  rock  is  slate  and  fine-grained  graywacke 
occurring  in  alternate  beds.  The  beds  are  from  a  fraction  of  an  inch 
to  10  feet  or  more  thick.  The  slate  beds  have  well-developed  cleavage 
and  are  darker  than  the  graywacke.  Some  layers  are  calcareous.  Much 
of  the  rock  is  finely  mottled  for  a  few  inches  below  the  weathered  sur- 
face, due  to  an  abundance  of  small  specks  of  limonite.  Carbonate  con- 
cretions or  nodules,  or  cavities  from  which  they  have  been  weathered 
out,  are  fotmd  in  some  of  the  graywacke  bands.  Spongy  quartz  with 
soft  earthy  limonite  in  the  cavities,  occurs  as  veins  along  some  of  the 
joint  planes  and  also  parallel  to  the  bedding.  The  limonite  is  a  weather- 
ing product  of  siderite  and  perhaps  of  pyrite.  The  average  strike  of  the 
bedding  is  about  east  and  west,  and  the  dip  varies  from  30®  to  70®N.  due 
to  drag  folds.  The  strike  of  the  cleavage  is  about  east  and  west  and  the 
dip  is  about  70**  S.  These  rock  ridges  are  structurally  on  the  north  limb 
of  a  larger  anticline. 

The  next  group  of  outcrops  to  the  east  is  west,  north,  and  east  of 
Atkinson.  It  extends  from  the  east  central  part  of  section  26,  T.  48N., 
R.  18W.,  eastward  through  the  central  part  of  section  25,  the  last  out- 
crops to  the  east  being  in  the  east  central  part  of  section  25.  The  ex- 
posures form  a  belt  of  more  or  less  parallel  east-west  trending  ridges 
occupying  an  area  about  a  mile  long  east  and  west  and  about  one  fourth 
of  a  mile  wide.    A  few  outlying  exposures  are  found  west  and  north 
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of  the  main  bdt.  The  individual  outcrops  vary  from  mere  knobs  to 
ridges  600  feet  long  and  300  feet  wide.  Several  of  the  ridges  west  of 
Atkinson  are  10  to  30  feet  high.  The  rock  consists  of  alternate  lajrers  of 
light  to  dark  gray  graywacke,  and  dark  gray  to  black  slate.  The  beds 
vary  in  thickness  from  a  few  inches  to  several  feet.  The  weathered 
phases  are  mottled  with  fine  specks  of  limonite.  Quartz  veins  and  quartz 
siderite  lenses  are  common  along  the  axes  of  the  small  folds  and  pinch 
out  along  the  limbs.  The  siderite  locally  has  been  entirely  altered,  and 
the  lenses  consist  of  a  spongy  mass  of  quartz  and  earthy  limonite.  Sev- 
eral pits  have  been  sunk  in  prospecting  for  gold  in  different  parts  of  the 
area  where  these  lenses  are  abundant.  In  two  pits  in  the  ncnrtheast  cor- 
ner of  the  NW>4  of  SWJ4  of  section  25,  a  small  brecdated  zone  is  ex- 
posed in  the  dark-colored  slate.  Quartz,  siderite,  pyrite,  and  some  cal- 
cite  cement  the  breccia  and  extend  into  the  wall  rock  for  several  feet  as 
stringers  between  the  laminae  of  the  slate.  The  rocks  in  the  central  part 
of  the  area  lie  in  a  series  of  folds,  with  smaller  folds  down  to  minute 
plications  superimposed  on  their  limbs.  The  axes  of  the  larger  folds 
strike  about  east  and  west,  and  are  either  horizontal  or  pitch  at  a  low 
angle  to  the  east.  At  the  western  end  of  the  main  belt  of  outcrops  in 
the  northeast  comer  of  the  NE>4  of  SEJ4  of  section  26,  there  is  a  low, 
flat  exposure  about  250  feet  east  and  west  and  100  feet  wide.  The 
average  strike  of  the  beds  at  this  place  is  about  N.75®E.  and  the  dip  varies 
due  to  minor  folding.  The  axial  lines  of  the  minor  folds  strike  about 
N.8s^E.  and  pitch  S^'E.  The  rock  is  light  gray  graywacke,  some  of  which 
shows  well-developed  cleavage.  Locally  tiny  flattened  particles  of  dark 
gray  slate  are  embedded  in  the  lighter  colored  graywacke.  Another  small 
outcrop  in  the  western  part  of  the  main  belt  of  exposures  occurs  on  the 
northwest-southeast  road  in  the  southern  part  of  the  SWJ4  of  NWj^  of 
section  25.    The  strike  of  the  beds  is  about  N.85°E.  and  the  dip  is  fio^'N. 

Outlying  exposures  of  graywacke  and  slate  occurring  northwest  of 
the  main  belt  of  outcrops  form  two  long,  low,  narrow,  parallel  ridges  in 
the  SEJ4  of  NEJ4  of  section  26,  and  the  SWJ4  of  NWJ4  of  section  25. 
The  ridges  extend  east  and  west  for  nearly  a  quarter  of  a  mile  and  vary 
from  20  to  80  feet  in  width.  They  rise  only  a  few  feet  above  the  sur- 
rounding flat  area.  The  rock  is  mainly  light  gray,  mottled  graywacke 
with  a  few  thin  interbedded  layers  of  slate.  The  strike  is  about  N.85**E. 
and  the  dip  varies  from  40°  to  60®  S. 

An  outlying  exposure  north  of  the  main  belt  of  outcrops  at  Atkinson 
occurs  in  the  north  central  part  of  the  SW%  of  NE>^  of  section  25, 
forming  two  low,  flat,  parallel,  east-west  ridges.  They  are  about  250 
feet  long  and  50  feet  wide.  The  rock  is  light  gray,  siliceous  graywacke 
in  heavy  layers  with  thin  interbedded  layers  of  dark  gray  slate.  The 
beds  strike  about  east  and  west  and  dip  45^S. 
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About  half  a  mile  east  of  Atkinson  on  Black  Hoof  River,  is  the  east- 
ernmost outcrop  of  graywacke  and  slate  in  this  vicinity.  It  is  located 
in  the  west  central  part  of  the  NEj4  of  SWJ4  of  section  30,  T.  48N., 
R.  I7W.,  and  consists  of  several  low  knobs  of  fine-grained,  light  gray 
graywacke.  The  outcrop  rises  near  the  north-south  road  on  the  west 
side  of  this  40-acre  tract  and  extends  eastward  for  about  650  feet. 
Knobs  occur  on  both  sides  of  the  river  rising  8  to  10  feet  above  the  water 
and  sloping  gently  toward  the  east.  The  rock  is  in  places  schistose  and 
is  cut  into  irr^^lar  blocks  by  several  sets  of  joints.  Concretions  or 
nodules  of  carbonate  minerals  occur  sparingly.  The  beds  strike  east 
and  west  and  dip  south  at  a  low  angle. 

The  belt  of  exposures  extending  from  Park  Lake  eastward  through 
sections  28,  27,  26,  and  25,  T.  48N.,  R.  17W.,  which  is  described  above, 
includes  the  principal  rock  outcrops  of  this  region.  A  more  or  less  par- 
allel belt  composed  of  fewer  and  more  scattered  exposures,  occurs  south 
of  this  larger  belt,  extending  in  an  approximately  eastward  direction  from 
the  eastern  part  of  section  34,  T.  48N.,  R.  18W.  through  sections  35  and 
36,  T.  48N.,  R.  18W.,  into  section  31,  T.  48N.,  R.  17W.  The  exposures 
of  the  northern  belt  have  structures  indicating  that  in  general  they  are 
situated  on  the  north  limb  of  a  large  anticline,  those  in  the  southern  belt 
appear  to  be  either  near  the  crest  or  on  the  south  limb  of  an  anticline. 

^  The  westernmost  of  the  exposures  on  the  southern  belt  consists  of  a 
large  irregular  knoll  of  rock  located  in  the  east  central  part  of  the  E^i  of 
NE>4  of  section  34,  T.  48N.,  R.  18W.,  and  extending  for  about  200  feet 
into  the  southwest  comer  of  the  NWJ4  of  NW>4  of  section  35.  The 
knoll  is  about  1,000  feet  long  east  and  west  and  about  800  feet  wide  north 
and  south  and  rises  about  60  feet  above  the  surrounding  country.  It  is 
made  up  of  thick  beds  of  a  light  gray,  fine-grained  graywacke  separated 
by  thin  layers  which  are  more  slaty  and  darker  in  color.  The  slaty  layers 
are  micaceous  and  have  well-developed  schistosity.  Locally  they  are 
crenulated  and  contain  lenses  of  quartz  parallel  to  the  foliation. 
Intersecting  sets  of  joints  cut  the  rock  into  large  irregular  blocks,  and 
some  of  the  joints  are  filled  with  quartz.  Lenticular  depressions,  stained 
black  or  rusty  brown,  from  which  nodules  of  carbonate  minerals  have 
been  dissolved,  occur  parallel  to  the  strike  of  the  bedding  in  some  of  the 
coarser  layers.  The  outcrop  appears  to  represent  an  eastward  pitching 
anticline,  the  strike  of  the  axial  line  being  about  N.85®E.  and  the  pitch 
lO^E.    Small  drag  folds  occur  on  both  limbs  of  the  anticline. 

In  the  northeastern  part  of  the  SW^  of  UE}i  of  section  35,  T.  48N., 
R.  18W.,  just  south  of  the  north  line  and  about  100  feet  west  of  the 
Northern  Pacific  tracks,  is  a  low  glaciated  ridge  of  phyllite.  The  ridge 
is  about  150  feet  long  east  and  west  and  75  feet  wide,  and  rises  a  few 
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feet  above  the  surrounding  meadow.  Thick,  light  gray,  finegrained, 
arenaceous  layers  alternate  with  dark  gray,  slaty  layers.  Some  of  the 
slaty  layers  show  a  considerable  development  of  fine  mica  along  cleavage 
planes.  Concretions  of  carbonate  minerals  are  abundant  in  some  of  the 
layers.  At  the  east  end  of  the  outcrop  they  are  more  resistant  than  the 
enclosing  rock  and  stand  out  as  tiny  knots,  while  at  the  west  end  they 
have  been  dissolved,  leaving  rusty  brown  or  black  pod-like  depressions. 
Several  sets  of  intersecting  joints  cut  the  rock  into  large  irr^jular  blocks. 
The  strike  of  the  schistosity  is  about  N.Ss^'E.  and  the  dip  is  45°S.  The 
bedding  strikes  N.82®W.  and  the  dip  varies  in  short  distances,  due  to 
minor  folding.    This  outcrop  is  on  the  south  limb  of  a  larger  anticline. 

About  a  mile  northeast  of  the  exposure  in  section  35,  near  the  north 
quarter  comer  of  section  36,  T.  48N.,  R.  18W.,  rock  is  exposed  in  sev- 
eral small  areas.  It  is  mainly  light  gray,  fine-grained  graywacke,  much 
weathered  and  shattered.    The  beds  appear  to  lie  almost  flat. 

The  easternmost  rock  exposures  of  the  southern  belt  of  outcrops  oc- 
cur in  the  SW%  of  section  31,  T.  48N.,  R.  17W.,  along  Black  Hoof  River 
and  west  of  it,  where  there  are  three  or  four  separate  outcrops  of  gray- 
wacke and  slate.  An  exposure  of  graywacke  and  slate  in  a  low  flat  ridge 
is  found  in  the  northeastern  part  of  the  SWJ4  of  SWj4  of  the  section. 
It  lies  on  a  northward  facing  slope  and  rises  about  10  feet  above  a  swamp 
to  the  north  of  it.  The  ridge  is  600  feet  long  east  and  west  and  300  feet 
wide.  Small,  shattered  exposures  lie  to  the  east,  south  and  west  of  the 
main  outcrop  for  several  hundred  feet.  In  the  main  exposure,  layers  of 
light  gray,  fine-grained  graywacke,  hard  and  siliceous,  and  with  poorly 
developed  cleavage,  alternate  with  darker  slaty  layers  having  well- 
developed  cleavage.  The  layers  vary  from  a  few  inches  to  several  feet 
thick,  the  graywacke  beds  being  thicker.  The  slaty  layers  show  fine  mica 
developed  along  cleavage  planes.  Lenses  and  stringers  of  quartz  occur 
parallel  to  the  bedding.  The  rock  lies  on  the  crest  of  a  large  anticline 
with  small  anticlines  and  synclines  on  either  limb.  The  axial  line  of  the 
anticline  strikes  about  east  and  pitches  about  io°E. 

About  a  quarter  of  a  mile  to  the  north  of  this  exposure,  in  the  KW}i 
of  SWj4  of  the  section,  is  a  ridge  of  dark  gray  slate  trending  northwest. 
The  ridge  rises  only  a  few  feet  above  the  surrounding  flat,  swampy  coun- 
try. It  is  about  500  feet  long  and  about  200  feet  wide.  The  rock  is 
uniform,  dark  gray  slate  with  fine  mica  developed  locally  along  cleavage 
planes.  Thin  laminae  and  specks  of  limonite  lie  parallel  to  the  cleavage 
and  also  occur  as  small  spots  throughout  the  rock.  In  the  fresher  phases 
pyrite  is  abundant,  indicating  that  the  limonite  is  derived  from  pyritc 
by  weathering.  The  slate  forms  a  s)mclinal  trough  that  pitches  a  little 
south  of  east  at  a  low  angle. 
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OUTCROPS  OF  SLATE  ALONG  ST.  LOUIS  RIVER  BELOW  THOMSON   DAM,  CARLTON 
COUNTY.     LOOKING   NORTHWESTWARD 


B. 


OUTCROPS  OF  SLATE  AT  THE  NORTHERN   PACIFIC  RAILROAD  BRIDGE  OVER   ST.  LOUIS 
RIVER  BELOW  THOMSON   DAM,  CARLTON   COUNTY.      LOOKING   SOUTHWESTWARD 
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West  of  these  two  ridges  in  the  western  part  of  the  SWJ^  of  section 
31,  and  extending  into  the  SEJ^  of  section  36,  T.  48N.,  R.  18W.,  are 
small,  low,  badly  broken  exposures  of  dark  gray  slate.  No  outcrop  show- 
ing the  attitude  of  the  rock  was  found. 

About  a  quarter  of  a  mile  east  of  the  outcrops  described  above  in 
the  NW54  of  SEJ4  of  section  31,  several  small  exposures  of  light  gray, 
medium-grained  graywacke  are  found  along  Blade  Hoof  River.  The 
rock  is  hard  and  siliceous  and  shows  no  cleavage. 

The  next  group  of  exposures  northeast  of  the  Atkinson-Park  Lake 
r^on  are  those  in  the  vicinity  of  Otter  Creek  in  sections  16,  17,  and  20, 
T.  48N.,  R.  17W.  Most  of  these  exposures  occur  along  the  Northern 
Pacific  Railway  which  runs  northeastward  from  Atkinson  to  Carlton. 
Some  are  found  along  Otter  Creek. 

A  short  distance  northeast  of  the  center  of  the  SWJ4  of  NWJ4'  of 
section  20,  T.  48N.,  R.  17W.  are  two  small  low  ridges  of  slate  and  gray- 
wacke. The  outcrop  begins  along  the  northeast-southwest  road  which 
runs  parallel  to  the  Northern  Pacific  railway  tracks,  northeastward  from 
Atkinson,  and  continues  southeastward  across  the  Northern  Pacific  tracks. 
It  is  about  300  feet  long  and  about  46  feet  wide.  Thin  bands  of  dark 
gray  slate  are  interlayered  with  thick  beds  of  lighter  gray  graywacke. 
The  rock  is  broken  into  large  blocks  by  intersecting  joints.  Quartz,  with 
small  crystals  of  pyrite,  occurs  in  narrow  veins  and  lenses.  The  bed- 
ding strikes  about  N.85°W.  and  dips  47*'N. 

About  a  fourth  of  a  mile  northeast  of  this  outcrop  in  the  east  cen- 
tral part  of  the  NEj4  of  NW>4  of  section  20,  several  low  east-west  rock 
ridges  occur  along  the  Northern  Pacific  tracks  and  along  the  highway. 
They  vary  in  length  from  50  to  300  feet  and  in  width  from  30  to  100 
feet.  The  rock  consists  of  dark  gray  slate,  some  layers  of  which  are 
very  siliceous  and  have  poorly  developed  cleavage,  while  other  layers  are 
less  siliceous  and  show  good  cleavage.  The  layers  range  in  thickness 
from  a  fraction  of  an  inch  to  several  inches.  Small  crystals  of  calcite 
and  siderite  are  abundant  in  the  more  siliceous  layers.  In  one  layer 
small  flattened  oval  particles  of  black  slate  are  embedded  in  the  lighter- 
colored  siliceous  slate.  The  rocks  lie  in  a  series  of  small  anticlines  and 
synclines,  the  axial  lines  of  which  strike  about  N.8o°E.  and  pitch  from 
10**  to  20*'E. 

About  200  feet  southwest  of  the  Northern  Pacific  Railway  bridge 
over  Otter  Creek,  in  the  northeastern  part  of  the  SEJ4  of  SEJ4  of  section 
17,  T.  48N.,  R.  17W.,  the  railway  passes  through  a  rock  cut  for  about 
no  feet.  This  cut  is  through  the  northwest  comer  of  a  high  east- west 
rock  ridge  about  500  feet  long  and  175  feet  wide  which  rises  about  50 
feet  above  Otter  Creek.     Layers  of  slate  and  schistose  graywacke  are 


Digitized  by  VjOOQIC 


88         GEOLOGY  OF  EAST  CENTRAL  MINNESOTA 

exposed  along  the  cut,  ^riking  N.8o®E.  and  dipping  30^N.  The  fol- 
lowing succession  of  beds  is  found.  At  the  bottom,  with  5  feet  exposed, 
is  a  dark  gray,  fine-grained,  siliceous  slate.  On  the  cleavage  surfaces 
are  seen  a  few  rounded,  flat,  blade  particles,  probably  squeezed  slate  frag- 
ments. Specks  of  pyrite  and  some  carbonate  are  disseminated  through 
the  rock.  Above  this  layer  are  3  feet  of  uniform,  dull,  black,  dense  slate ; 
above  that  4  feet  of  dark  gray  siliceous  slate  and  schistose  graywacke 
which  in  places  contain  pebbles  of  fine-grained,  daricer  slate,  flattened 
transversely  to  the  cleavage.  The  pebbles  range  from  a  fraction  of  an 
inch  to  several  inches  in  the  longer  diameter.  Alternating  thin  layers 
of  slate  of  different  coarseness  of  grain  and  color  are  dearly  visible  in 
this  bed,  the  coarser  layers  carrying  the  slate  pebbles.  The  deavage  cuts 
transversely  across  the  layers  and  has  fine  flakes  of  mica  devdoped  along 
it  The  coarser  layers  are  finely  mottled,  due  to  abtmdant  limontte 
specks,  probably  derived  from  the  alteration  of  siderite.  The  next  5  feet 
consist  of  dark  greenish  phyllite  finely  mottled  with  tiny  specks  of  limo- 
nite.  A  few  small  oval  flattened  partides  of  dark  slaty  material  are 
found  on  the  deavage  faces.  Above  this  bed  is  a  layer  of  dark  gray, 
coarse-grained,  schistose  graywacke  3  feet  thick.  It  is  similar  to  the 
bed  below  it,  but  coarser,  containing  abundant  small  rounded  particles  of 
dark  slaty  material,  as  well  as  numerous  grains  of  quartz.  Small  specks 
of  limonite  and  of  white  carbonate  minerals  are  scattered  through  the 
rock.  Pyrite  is  found  locally  and  fine  mica  is  developed  along  deavage 
planes.  The  cleavage  is  well  developed.  The  top  layer  in  the  cut  is  a 
dark  gray  to  black,  uniform,  fine-grained  slate.  The  thickness  could  not 
be  determined,  but  about  15  feet  are  exposed  in  the  cut.  The  deavage 
strikes  about  N.87*E.  and  dips  75*^5. 

Northeastward  from  Otter  Creek  to  Carlton  a  few  ridges  of  slate 
and  graywacke  are  found  both  north  and  south  of  the  Northern  Pacific 
tracks.  The  ridges  trend  about  east  and  west  and  rise  from  a  few  feet 
to  50  feet  or  more  above  the  surrounding  flat  r^on.  These  ridges  have 
not  as  yet  been  examined  in  detail.  To  the  northeast  they  connect  with 
the  extensive  exposures  of  rock  along  St.  Louis  River  in  the  vicinity  of 
Carlton,  Thomson,  and  Qoquet. 

In  the  St.  Louis  River  valley  slates  and  graywacke  with  a  few  dikes 
of  dark  igneous  rock  are  exposed  almost  continuously  along  the  river 
from  the  center  of  section  i,  T.  48N.,  R.  16W.  on  the  southeast,  to  the 
eastern  part  of  section  15,  T.  49N.,  R.  17W.  on  the  northwest,  a  distance 
by  river  of  about  15  miles.  These  rocks  rise  as  high  steep  escarpments 
on  both  sides  of  the  river  for  much  of  the  distance  and  witliin  this  gorge 
are  numerous  falls  and  rapids.  They  also  rise  as  long,  narrow,  east  and 
west  rock  ridges,  that  extend  from  a  few  hundred  feet  to  several  miles 
on  either  side  of  the  river  gorge.     These   ridges   are   very   numerous 
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B,      SMALL  DIKE  OF  DIABASE   INTRUDING  SLATE  AT   CARLTON 
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locally.  In  the  r^on  around  Carlton  and  Thomson  they  cover  several 
square  miles  and  continue  southwestward  from  Carlton  for  some  distance 
in  the  direction  of  Otter  Creek. 

In  th6  southeastern  part  of  the  region  the  slate  and  graywacke  are 
associated  with  younger  rocks  such  as  the  sandstones,  conglomerates,  and 
basic  lavas  of  the  Keweenawan.  In  sections  i  and  2,  T.  48N.,  R.  16W., 
a  coarse  quartzose  Keweenawan  conglomerate  lies  unconf  ormably  on  the 
upturned  edges  of  the  slate  and  graywacke.  In  the  bed  of  Mission  Creek 
and  its  tributaries,  in  sections  30  and  31,  T.  49N.,  R.  15W.,  north  of 
Fond  du  Lac,  are  several  exposures  of  slate  north  of  the  overlying 
Keweenawan  sandstone.  Outcrops  of  slate  and  gra3rwacke  also  occur 
along  Midway  Creek  in  sections  5  and  6,  T.  49N.,  R.  15W.,  a  short  dis- 
tance west  of  the  border  of  the  lava  flows  extending  northward  from 
Duluth. 

The  outcrops  throughout  the  St.  Louis  River  valley  are  made  up  of 
alternate  layers  of  slate  and  graywacke,  varying  in  coarseness  of  grain 
and  ranging  from  light  gray  to  black  in  color.  Locally  dikes  of  dark 
igneous  rocks  are  abundant.  The  common  rocks  are  fine-grained,  dark 
gray  to  black  slate,  some  of  which  is  highly  siliceous;  gray,  somewhat 
micaceous  slate  with  well-^leveloped  cleavage,  and  fine-grained  to  medium 
coarse-grained  grajrwacke,  some  showing  cleavage  and  some  being  mas- 
sive bedded  and  siliceous  with  little  or  no  schistosity.  In  some  of  the 
coarser  beds  quartz  grains  are  abundant  and  a  few  fragments  of  slate 
are  locally  present.  Concretions  or  nodules  of  carbonate  minerab  occur 
both  in  the  slate  and  graywacke.  They  are  generally  parallel  to  the  bed- 
ding and  locally  they  merge  into  each  other,  forming  continuous  bands.  In 
places  the  longer  axes  of  the  concretions  are  parallel  to  the  cleavage  and 
stand  at  an  angle  to  the  bedding.  On  weathering  they  leave  pod-like 
cavities,  stained  a  rusty  brown  or  black.    (Plate  X  A.) 

Several  sets  of  intersecting  joints  cut  the  rock  into  polygonal  blocks 
of  various  sizes.  Faulting  has  taken  place  along  some  of  the  joints,  as 
shown  by  breccia  zones  and  slickensided  surfaces.  Thin  films  of  quartz 
and  in  places  calcite,  coat  some  of  the  joint  planes.  Quartz  occurs  as 
veins  from  a  fraction  of  an  inch  to  several  feet  in  width  in  many  parts  of 
the  area  and  also  as  lenses  between  slate  beds  on  the  crests  of  smaller  folds 
pinching  out  along  the  limbs.  Pyrite  and  siderite  are  often  associated 
with  the  quartz  and  they  also  occur  as  small  crystals  disseminated  in 
the  rock. 

Dikes  of  dark  igneous  rock,  varying  from  a  few  inches  to  60  feet  or 
more  wide,  cut  the  slate  series  in  many  places.  Several  are  well  exposed 
at  the  Thomson  dam.  The  rock  is  mainly  a  fine-grained,  greenish  black 
diabase.  At  the  contact  with  the  slate  or  graywacke  it  is  extremely  fine- 
grained and  dense.    Away  from  the  contact  it  becomes  coarser  and  takes 
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on  a  marked  ophitic  texture.  The  dikes  strike,  in  general,  a  few  degrees 
east  of  north  and  stand  vertically.  At  the  contact  the  metamorphosed 
sediments  have  been  hardened  and  their  cleavage  destroyed,  while  a  new 
cleavage  is  developed  in  them  parallel  to  the  contact  of  the  dike.  This 
condition  extends  out  from  the  dikes  on  either  side  for  a  few  inches  to 
several  feet.  The  dikes  are  more  readily  broken  down  by  weathering 
than  the  slate  or  graywacke,  and  are  generally  found  in  depressions. 

The  rocks  in  the  Carlton-Qoquet  r^on  lie  in  a  series  of  low,  broad 
folds,  with  minor  folds  and  crenulations  superimposed  on  the  limbs  of 
the  larger  folds.  The  major  structure  consists  of  several  large,  gently 
eastward  pitching  anticlines  and  syndines.  The  east-west  trending  rode 
ridges  so  characteristic  of  the  area  around  Carlton,  are  usually  formed 
along  the  limbs  of  folds,  one  of  the  slopes  being  approximatdy  paralld 
to  the  dip  of  the  bedding  and  the  other  slope  cutting  across  the  bedding 
and  being  steep  and  ragged.  Occasionally  ridges  are  found  which  are 
structurally  crests  of  anticlines  or  troughs  of  syndines.  The  strike  of 
the  bedding  varies  with  the  position  of  the  bed  with  reference  to  the 
fold,  but  in  general  it  ranges  between  N.8o**W.  and  N.8o'*E.  The  dip 
of  the  beds  varies  from  horizontal  to  vertical  both  north  and  south.  The 
strike  of  the  major  cleavage  varies  a  few  degrees  on  either  side  of  east  and 
west  and  the  dip  is  at  varying  angles  both  north  and  south,  but  is  nearly 
always  steeper  than  the  bedding.  The  axial  lines  of  the  minor  folds 
trend  about  east  and  pitch  at  low  angles  either  eastward  or  westward. 

The  northernmost  outcrop  of  slate  in  east  central  Minnesota,  as  de- 
scribed by  Spurr,^®  occurs  in  the  vidnity  of  Brookston  in  southern  St. 
Louis  County.  The  outcrop  is  said  to  be  located  south  of  St.  Louis  River, 
in  NWM  of  SW}i  of  section  27,  T.  51N.,  R.  19W.  The  rock  is  de- 
scribed as  consisting  of  alternate  layers  of  siliceous  slate,  fine-grained 
slate,  and  sericite  schist  or  slate,  the  layering  being  due  to  the  difference 
in  coarseness  of  the  original  sediments.  The  schistosity  or  cleavage  is 
about  at  right  angles  to  the  bedding.  The  cleavage  strikes  about  N.7o**E. 
and  has  a  steep  dip.    The  outcrop  has  not  been  seen  by  the  writers. 

OUTCROPS  OF  SANDSTONE  AND  OTHER  CLASTIC  ROCKS 
KEWEENAWAN  SANDSTONE  AND  RELATED  SOCKS 

Outcrops  of  pink  and  red  sandstone  are  abundant  in  east  central 
Minnesota,  occurring  at  intervals  along  a  belt  extending  southwestward 
from  the  southwestern  end  of  Lake  Superior  through  Carlton,  Pine,  and 
Kanabec  counties.  These  rocks  have  been  generally  described  as  be- 
longing to  the  Lake  Superior  sandstone,  the  character  and  age  relations 
of  which  have  already  been  discussed.    (See  pages  13  and  14.) 


^Sptirr,  J.  E.,  The  itratigraphic  position  of  the  Thonnon  slate:  Am,  Jour.  Set.,  3d  ter., 
▼oL  4S»  p.  164,  1894. 
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The  most  southwesterly  of  the  sandstone  exposures  is  described  by 
Upham'*  as  occurring  on  Snake  River  in  the  NWJ4  of  section  3,  T. 
39N.,  R.  24W.,  Kanabec  County.  The  sandstone  is  said  to  be  exposed 
along  the  southwest  side  of  the  river  for  a  distance  of  300  feet  with  a 
width  of  75  feet.  It  rises  from  5  to  10  feet  above  the  river,  in  places 
having  a  vertical  outcrop.  It  is  a  coarse-grained  sandstone  of  gray  to 
brown  color,  showing  thin  layering  and  containing  local  beds  of  dull 
red  sandstone.  Pebbles  varying  up  to  several  inches  in  thickness  occur 
scattered  through  it.  Fossils  have  not  been  found.  The  rock  has  a  low  dip 
to  the  east,  15^  being  the  maximum. 

The  next  sandstone  outcrop  to  the  north  is  one  reported  as  occurring 
in  the  southern  part  of  T.  40N.,  R.  23W.^*  It  is  mapped  as  extending 
along  Snake  River  and  is  said  to  consist  of  interbedded  red  sandstone 
and  ash-colored  clay. 

Aside  from  these  two  exposures,  no  sandstone  is  known  along  Snake 
River  south  of  that  mentioned  on  page  43  as  occurring  in  section  23,  T. 
42N.,  R.  23W.,  just  south  of  the  big  bend  in  the  river.  The  largest  ex- 
posure in  this  locality  is  found  on  the  west  bank  of  the  river  and  forms 
a  small  cliff  for  a  distance  of  about  300  feet  along  the  stream.  It  con- 
sists of  interlayered  coarse-grained  sandstones  of  slightly  varying  texttire 
and  color.  Most  of  the  rock  is  light-colored  pinkish  gray  to  pink,  and 
massive;  but  near  the  base  of  the  cliff  a  thin  layer  of  dark  red  shaly 
sandstone  occurs.  Locally  small  pebbles  of  quartzite  and  other  material 
are  found  in  some  of  the  layers.  The  general  dip  of  the  beds  is  10°  to 
IS°SE.  A  second  outcrop  occurs  about  500  feet  farther  downstream  on 
the  east  bank.  This  exposure  is  small  and  consists  of  sandstone  similar 
to  that  described. 

The  sandstone  outcropping  along  Snake  River  was  all  mapped  by 
Upham  as  "Potsdam"  sandstone.  Although  no  fossils  were  found  in  it 
which  might  aid  in  determining  its  position,  it  was  believed  to  underlie 
the  Upper  Cambrian  and  to  be  of  Lower  Cambrian  age. 

Numerous  exposures  of  sandstone  are  mentioned  by  Upham'*  as  oc- 
curring along  Kettle  River  southward  from  Willow  River  in  the  western 
part  of  Pine  County,  and  also  along  St.  Croix  River  in  the  southern  part 
of  Pine  County.  Most  of  these  outcrops  were  designated  as  "Hinckley" 
sandstone,  but  one  or  two  were  mapped  as  "Potsdam"  sandstone.  The 
term  "Hinckley"  sandstone  was  applied  by  Winchell,  Upham,  and  others 
of  the  Geological  and  Natural  History  Survey  of  Minnesota  to  sandstone 
beds  which  are  not  definitely  a  part  of  the  Upper  Cambrian  series,  but 


^Upfaain,  Warren,  The  geology  of  Mtlle  Lacs  and  Kanabec  counties:     Gfol.  and  Nat.  Hist. 
Survey  of  Minn.,  GeoL  of  Minn.,  vol.  2,  i88j-i885t  PP*  6ai-6aa. 
Ts  upham,  W.,  op,  cit, 
"Upham,  Warren,  The  geology  of  Pine  County,  op,  eii.,  pp.  637-642. 


Digitized  by  VjOOQIC 


9^  GEOLOGY  OP  BAST  CENTRAL  MINNESOTA 

which  are  stratigraphically  above  the  so-called  'Totsdam"  sandstone.  In 
some  reports  it  is  considered  as  the  lowest  member  of  the  ''St  Croix" 
and  in  other  reports  as  the  uppermost  member  of  the  'Totsdam.**  The 
''St.  Croix"  sandstone  of  the  early  reports  embraced  the  lower  portion 
of  the  Upper  Cambrian. 

Exposures  of  the  same  sandstone  are  mapped  by  Winchell  as  occur- 
ring along  the  upper  part  of  Kettle  Riyer  west  of  Moose  Lake  in  Carlton 
County,  while  the  abundant  exposures  of  sandstone  and  conglomerate 
occurring  along  St.  Louis  River  west  of  Fond  du  Lac  in  southern  St 
Louis  County  are  designated  by  Winchell  as  Puckwimge  conglomerate 
and  ^'Western"  sandstone.**  All  of  these  beds  are  believed  to  be  strati- 
graphically below  the  lowest  fossiliferous  "St.  Croix"  beds  which  are 
found  along  St.  Croix  River  above  and  below  Taylor's  Falls,  the  Pudc- 
wunge  conglomerate,  which  was  classed  as  "Potsdam,"  being  the  lowest 

The  sandstone  which  is  found  in  ntunerous  exposures  along  Kettle 
River  in  Pine  County  is  described  by  Upham  as  occurring  in  bluffs  along 
the  river  banks,  and  also  forming  the  river  bed  in  many  places  and  pro- 
ducing rapids.  For  a  long  distance  north  and  south  of  Sandstone  the 
river  flows  through  a  great  gorge  in  which  sandstone  is  exposed  both 
along  the  river  banks  and  along  the  tops  of  bluffs  75  to  100  feet  above 
the  river.  The  rock  is  mostly  fine-grained  sandstone,  but  coarse-grained 
phases  occur  which,  however,  are  rarely  conglomeratic.  It  generally 
crumbles  easily,  and  as  a  rule  varies  in  color  from  buff  to  gray,  though 
red  and  brown  phases  occur  ako.  The  beds  lie  flat  or  dip  in  various 
directions  at  low  angles.*' 

Exposures  of  sandstone  are  found  along  St.  Croix  River  in  the  south- 
eastern part  of  Pine  County,  above  and  below  the  mouth  of  Snake  River, 
as  well  as  a  short  distance  above  the  mouth  of  Kettle  River.  The  ex- 
posures near  the  mouth  of  Snake  River  are  mapped  as  "Hinckley"  sand- 
stone, and  are  said  to  be  of  friable  gray  and  white  sandstone  with  locally 
beds  of  conglomerate  and  of  red,  green,  and  yellow  shale.  The  rocks 
are  distinctly  bedded,  being  horizontal,  or  having  a  slight  inclination  to 
the  south.  They  are  believed  to  belong  to  a  higher  stratigraphical  hori- 
zon than  the  sandstone  found  along  Kettle  River.  The  outcrops  north 
of  the  mouth  of  Kettle  River  are  designated  as  "Potsdam,"  and  are  said 
to  consist  of  red  sandstone  with  underlying  conglomerate. 

The  sedimentary  rocks  found  along  St.  Louis  River  in  Carlton  and 
St.  Louis  counties  are  divided  by  Winchell**  into  two  stratigraphic  hori- 
zons.   The  lower  beds  are  designated  as  Puckwunge  conglomerate,  and 


n  Winchell,  N.  H.,  The  ceology  of  southern  St.  Louii  County:  Gecl,  mi  Nti,  Hiit,  Swr^ 
vty  of  Minn,,  CeoL  of  Mmn.,  vol.  4.  i896-98»  PI.  66. 

Winchell,  N.  H.,  The  geology  of  Carlton  County,  op.  €it„  pp.  13-16. 
« Upham,  W.,  op.  eU, 
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are  believed  to  be  of  Lower  Cambrian  age.  Exposures  occur  along  St 
Louis  River  and  north  of  it  at  various  points.  The  formation  is  said  to 
be  about  100  feet  thick,  and  to  grade  from  coarse  conglomerate  at  the  base 
upward  into  white  sandstone  and  light-colored  shale,  and  then  into  red 
shale  which  is  overlain  by  rocks  of  eruptive  origin.'^  The  latter  are 
designated  as  the  ''Manitou''  eruptives  of  late  Keweenawan  age,  and  are 
said  to  stratigraphically  underlie  die  so-called  ''Western"  sandstone.  This 
rock  consists  mainly  of  red  sandstone  and  conglomerate  which  grade  up- 
ward into  lighter-colored  sandstone.  Its  upper  portion  is  believed  to 
represent  the  so-called  ''Hinckley"  sandstone.  In  the  recent  work  by 
Thwaites  already  referred  to  (see  pages  13  and  29),  the  sandstones  along 
St.  Louis  River  have  all  been  placed  in  the  Bayfield  group  of  the  upper 
Keweenawan. 

Besides  the  sandstone  outcrops  mentioned  by  Winchell  and  Upham, 
a  number  of  scattered  occurrences  of  sandstone  in  southern  Carlton  and 
northern  and  western  Pine  counties  &re  mapped  by  Hall.^*  No  descrip- 
tions of  the  localities,  however,  are  given. 

The  relative  stratigraphic  positions  of  the  various  beds  of  sandstone 
occurring  in  St.  Louis,  Carlton,  Pine,  and  Kanabec  counties  is  unknown. 
If  the  fossiliferous  Upper  Cambrian  series  rests  conformably  upon  the 
red  clastic  series  in  southern  Minnesota,  as  seems  probable,  and  if  the 
latter  is  supposed  to  be  equivalent  to  the  Keweenawan  pink  and  red  sand- 
stone of  east  central  and  northern  Minnesota,  which  in  earlier  reports 
has  been  called  "Hinckley"  sandstone,  "Western"  sandstone,  "Lake  Su- 
perior" sandstone,  etc.,  then  the  rocks  exposed  in  the  southern  part  of 
Pine  County  can  probably  be  regarded  as  showing  the  transition  from 
the  lower  part  of  the  Upper  Cambrian  into  the  upper  part  of  the  Ke- 
weenawan sandstone  (red  clastic  series?).  The  question  as  to  whether 
the  so-called  "Hinckley"  sandstone  belongs  to  the  Upper  Cambrian  series 
or  to  the  Keweenawan  can  not  yet  be  answered,  nor,  as  has  been  men- 
tioned before,  do  we  know  whether  the  sandstone  southwest  of  Lake 
Superior  is  Cambrian  or  Keweenawan  in  age,  althoi^h  the  latter  view 
seems  to  be  the  more  probable. 

CRETACEOUS   SEDIMENTS 

Besides  the  outcrops  of  the  older  sandstones  just  described  in  the 
eastern  portion  of  the  region  under  consideration,  there  are  a  number 
of  scattered  outcrops  of  slightly  consolidated  sediments  occurring  in  the 
southwestern  portion  of  the  region.    These,  because  of  their  softness. 


«*Wtndien»  N.  H.,  The  geology  of  Carhon  County*  cp,  cU. 
**  Winchell,  N.  H.,  op.  cit„  p.  13. 

**Ha]],  C  W.,  Keewatin  area  of  eaatcrn  and  central  Minnesota:    Bull.  Ge^L  Soe.  Amgr,, 
▼oL  IS,  PL  J9*  1901. 
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do  not  yield  extensive  exposures,  but  locally,  as  along  Mississippi  River 
and  in  the  region  to  the  west,  scattered  outcrops  show  their  presence. 
Mosasaur  teeth  and  other  fossils  have  been  found  in  them  in  places  and 
indicate  that  they  are  of  Cretaceous  age. 

Only  one  of  these  outcrops  was  examined  by  the  writers,  this  occur- 
ring on  the  west  bank  of  Mississippi  River,  just  above  the  mouth  of  Two 
Rivers  in  the  southern  part  of  Morrison  County.  Much  of  the  material 
at  this  locality  consists  of  unconsolidated  or  slightly  consolidated  gray 
clay  locally  yellow  or  brown  iron-stained.  Some  beds  of  fairly  compact 
shale  and  siliceous  shale  occur,  however.  These  are  light  gray  to  dark 
gray  in  color  and  locally  greenish.  Very  commonly  they  are  impregnated 
with  limonite  so  that  they  have  a  yellow  to  dark  brown  color.  Much  of 
the  material  has  curious  little  concretionary  pellets  scattered  through  it. 
In  places  these  are  so  abundant  as  to  make  up  most  of  the  rocks,  while 
elsewhere  they  are  entirely  lacking.  Where  the  rock  is  iron-stained 
the  pellets  are  dark  brown.    Elsewhere  they  are  green  or  gray. 

Other  occurrences  of  Cretaceous  sediments  described  by  Upham^'  are 
in  the  southern  part  of  Steams  County  near  Torah  (Richmond).  Three 
miles  north  of  Torah  (Richmond)  in  a  ditch  dug  for  drainage,  yellow 
and  blue  clay  were  encountered  with  three  seams  of  lignite  from  i  to  6 
inches  thick.  Locally  pyrite  was  found  in  the  blue  clay.  Southwest  of 
Torah  (Richmond)  along  Sauk  River,  considerable  prospecting  is  said 
to  have  been  done  for  lignite.  Several  shafts  were  simk  ranging  in  depth 
up  to  125  feet.  Most  of  the  material  encountered  consisted  of  blue,  white, 
and  yellow  clays  in  which  were  local  beds  of  gray  to  black  shale  and 
seams  of  lignite  several  inches  thick.  Fossil  fragments  of  moUusks  and 
fishes  were  found  in  some  of  the  shale  beds.  In  places,  crystals  of 
selenite  were  found  in  the  blue  clay  near  the  lignite  seams.  Granite  was 
found  to  underlie  the  Cretaceous  sediments. 

THE  CUYUNA  IRON-ORE  DISTRICT 

LOCATION  OF  THE  DISTRICT 

The  Cuyuna  iron-ore  district  is  located  in  the  central  part  of  Minne- 
sota, trending  southwesterly  from  the  center  of  Aitkin  County  through 
Crow  Wing  and  Morrison  counties,  into  Todd  County.  The  most 
important  part  of  the  iron-bearing  belt  is  in  Crow  Wing  County.  This 
part  has  a  course  approximately  parallel  to  Mississippi  River  and 
lies  southeast  of  it.  In  the  southwestern  part  of  the  district,  between 
Brainerd  and  Little  Falls,  Mississippi  River,  changing  its  course  from 


'•Upham,  Warren,  The  geology  of  Steams  County:  Geol.  and  Nat.  Hist.  Survey  of  Minn., 
Ceol.  of  Minn.,  vol.  a,  1883-1885,  pp.  459-461. 
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southwest  to  south,  crosses  the  ore-bearing  belt.  Southwest  of  this  point 
the  ore-bearing  belt  continues  in  the  same  general  direction  through 
Morrison  County  and  into  Todd  County,  beyond  which  it  is  not  known. 
Northeastward,  the  iron-bearing  belt  runs  from  Crow  Wing  County  into 
Aitkin  County  and  disappears  beyond  Rice  River. 

The  district  has  a  length  northeast  and  southwest  of  about  65  miles, 
and  ranges  in  width  from  a  mile  or  two  to  as  much  as  12  miles,  not  in- 
cluding the  Emily  area  in  northern  Crow  Wing  County  where  iron- 
bearing  rocks  have  been  found  in  scattered  localities.  The  r^ion  pre- 
sented for  exploration  amounts  to  approximately  40,000  acres.*®  Much 
of  this  area  is  under  cultivation,  farms  being  scattered  throughout. 
Forested  and  brush  lands  also  occupy  large  areas,  and  locally  swamps 
occur  along  the  iron-bearing  belts. 

Although  Mississippi  River  flows  through  the  district,  the  drainage  is 
very  imperfect.  Lakes  are  very  abimdant  throughout  the  region.  The 
largest  of  these  is  MiUe  Lacs  Lake,  14  miles  wide  by  16  miles  long,  situ- 
ated about  14  miles  southeast  of  Deerwood.  The  lakes  are  especially 
numerous  in  the  eastern  part  of  the  district,  where  extensive  moraines 
occur,  and  decrease  in  number  toward  the  southwest  where  outwash 
plains  predominate  over  moraines. 

The  valley  of  Mississippi  River  is  narrow  and  in  general  is  not  very 
deep,  although  locally  as  at  Brainerd  there  is  a  distinct  gorge.  Its  only 
large  branch  in  the  region  under  discussion  is  Crow  Wing  River,  which 
empties  into  it  from  the  west  about  10  miles  below  Brainerd.  Small  side 
streams,  however,  are  abundant,  but  these,  as  a  rule,  have  worn  their 
valleys  only  short  distances  back  from  the  Mississippi. 

The  topography  of  the  district  is  predominantly  morainic.  Over  large 
areas  it  is  hummocky,  numerous  small  hills  being  interspersed  with 
swampy  areas  and  lakes.  In  other  places  there  are  extensive  outwash 
plains  and  the  surface  is  level  or  gently  undulating.  The  greatest  differ- 
ence in  elevation  is  about  200  feet.  The  elevations  vary  from  1,150  feet 
above  sea  level,  which  is  approximately  the  elevation  of  Mississippi  River 
in  the  western  part  of  the  district,  to  about  1,350  feet,  which  is  the  eleva- 
tion of  some  of  the  higher  hills  in  the  eastern  part  of  the  district.  The 
highest  point  in  the  region  adjacent  to  the  Cuyuna  district  is  Warren 
Hill,  just  west  of  Mille  Lacs  Lake,  the  summit  of  which  is  1450  feet 
above  sea  level.    Mille  Lacs  Lake  has  an  elevation  of  1,249  f^^^- 

.  The  principal  towns  along  the  ore-bearing  belt  from  northeast  to 
southwest  are  Kimberly  and  Aitkin  in  Aitkin  County ;  Deerwood,  Cuyuna, 
Crosby,   Ironton,    Manganese,   Trommald  (formerly    Iron     Mountain), 


"Zapffe,    Carl,    The    Cuyuna    iron-ore    district    of    Minnesota:      Supplement    to    Bramerd 
Tribune,  July  1,  1910. 
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Riverton,  Woodrow»  Brainerd,  and  Barrows  in  Crow  Wing  County ;  and 
Randall  in  Morrison  County.  Of  these  towns,  all  those  located  in  Crow 
Wing  County  except  Deerwood  and  Brainerd  were  built  since  the  b^in- 
ning  of  the  development  of  the  iron  mines.  The  oldest  of  these,  Cuyuna, 
is  about  nine  years  old.  The  largest  city  in  the  district  is  Brainerd,  whidi 
has  a  population  of  about  8,000  and  which  at  one  time  was  one  of  the 
lumber  centers  of  northern  Minnesota.  It  was  also  here  that  the  general 
offices  of  the  Northern  Pacific  Railway  were  located  before  they  were 
moved  to  St.  Paul.  At  the  present  time  Brainerd  is  the  center  of  a  fairly 
prosperous  and  constantly  growing  farming  commtmity.  Of  the  other 
cities  on  the  range,  Aitkin  also  is  well  established  and  is  independent  of 
the  iron-mining  industry.  Kimberly,  Deerwood,  and  Randall  are  smaller 
towns,  built  before  iron  ore  was  discovered  in  the  r^on.  All  the  other 
towns  mentioned  are  more  or  less  dependent  on  the  iron-mining  industry 
to  which  they  owe  their  establishment. 

Two  railroads  serve  the  Cu3runa  district,  the  Dtduth-Brainerd  branch 
of  the  Northern  Pacific  Railroad,  built  in  1870,  and  the  Cuyuna  Range 
branch  of  the  Minneapolis,  St.  Paul,  and  Sault  Ste.  Marie  Railroad,  built 
in  1910.  The  former  runs  from  Duluth  and  Superior  westward  through 
Carlton,  Aitkin,  Deerwood,  and  Brainerd,  to  Staples  where  it  joins  the 
main  line  of  the  Northern  Pacific  to  the  West  Coast.  In  its  passage 
through  the  iron-ore  district,  it  runs  approximately  parallel  to  the  ore- 
bearing  belts.  A  branch  line  of  the  Northern  Pacific  also  nms  along 
the  east  side  of  Mississippi  River  between  Brainerd  and  Little  Falls  con- 
necting at  the  latter  point  with  the  main  line  to  Minneapolis  and  St.  Paul. 
A  number  of  small  branches  run  to  various  mines  in  the  iron-ore  district. 

The  Cuyuna  Range  branch  of  the  Minneapolis,  St.  Paul,  and  Sault 
Ste.  Marie  Railroad  leaves  the  Duluth- Winnip^  branch  of  this  road  at 
Lawler  and  runs  westward  through  Aitkin  to  Iron  Hub.  Here  it  divides, 
a  northern  branch  going  to  Manganese  and  a  southern  branch  through 
Cu}runa,  Crosby,  and  Ironton,  to  Riverton.  Various  mines  are  connected 
with  the  main  lines  by  branch  railways. 

HISTORY  OF  THE  DISTRICT 

That  iron  ore  might  be  found  in  east  central  Minnesota  was  sus- 
pected long  before  its  actual  discovery.  It  is  said  that  when  the  Northern 
Pacific  Railway  surveys  for  the  present  road  were  beii^  made  previous 
to  1870,  through  what  is  now  the  Cuyuna  district,  indications  of  the 
presence  of  iron  ore  were  f  otmd,*^  due  probably  to  compass  disturbances 
being  noted.    Mention  of  variations  in  th#  direction  of  the  compass  needle 


**Kellocg,  L.  0.,  Notes  on  the  Cutwui  raiife»  I  and  11:  Bng,  and  Mim,  /omt.,  ▼ol  9$,  pp. 
tiM-isos,  Dec  tf,  1913;  rol  97,  pp.  7.10,  Jut.  3,  X9t4- 
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A.      EXPLORATION    BY   DRILLING    IN    THE   CUYUNA   DISTRICT 


B.      STARTING  EXCAVATION   WITH    STEAM   SHOVEL  AT  THE   MAHNOMEN  OPEN-PIT   MINE, 
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in  parts  of  Crow  Wing  County  are  said  to  be  found  also  in  the  notes 
of  the  government  land  surveyors  made  in  the  70's,  at  which  time  the 
Marquette  Range  of  northern  Michigan  was  the  only  iron-ore  producing 
district  in  the  Lake  Superior  r^on. 

It  was  about  1890  when  the  first  magnetic  surveys  were  made  in  east 
central  Minnesota  for  the  purpose  of  locating  areas  of  abnormal  mag- 
netic attraction,  such  as  are  assumed  to  indicate  the  presence  of  iron 
ore.  From  this  time  until  the  actual  discovery  of  the  existence  of  iron- 
bearing  formation  in  the  Cu3runa  district,  during  the  summer  and  fall 
of  1904,  magnetic  surveys  yrere  made  at  intervals  in  different  parts  of 
the  r^cm.  Some  time  elapsed,  however,  before  the  regularity  and  ex- 
tensiveness  of  the  magnetic  variations  were  realized,  and  after  this, 
systematic  exploration  work  progressed  rapidly.  Most  of  the  early  mag- 
netic work  was  done  by  Mr.  Cuyler  Adams  to  whom  belongs  a  large 
share  of  the  credit  of  discovering  and  developing  the  range.  It  was 
Mr.  Adams  also  who  started  the  first  drilling  operations  on  the  range; 
in  fact,  it  was  not  until  he  had  encountered  iron-bearing  formation  with 
a  chum  drill  that  the  existence  of  the  new  iron  range  became  common 
knowledge. 

Mr.  Adams  first  became  interested  in  the  region  now  known  as  the 
Cuyuna  district  early  in  the  90's,  when  the  Mesabi  district  was  still  a 
wilderness.**  His  attention  had  been  drawn  to  the  area  by  the  fact  that 
he  noted  magnetic  variations  on  certain  lands  which  he  had  purchased, 
and  at  various  times  he  made  magnetic  surveys  with  dial  compass  and 
dip  needle  in  attempts  to  locate  lines  of  maximum  magnetic  attraction." 
In  this  he  was  successful,  and  eventually  two  such  lines  were  located, 
both  having  northeast-southwest  trends.  One  of  these  lines  was  12  to 
15  miles  long  and  was  located  south  of  Deerwood,  in  general  running 
parallel  to  and  south  of  the  Northern  Pacific  Railway.  It  extended  from 
the  west  line  of  section  10,  T.  46N.,  R.  28W.,  southwesterly  across  the 
comers  of  T.  46N.,  R.  39W.,  and  T.  4SN.,  R.  29W.,  to  the  center  of  the 
west  line  of  section  29,  T.  4SN.,  R.  30W.  The  other  line  was  found  about 
7  miles  north  of  Deerwood,  running  in  a  northeast-southwest  direction 
across  section  30,  T.  47N.,  R.  28W.  south  of  Rabbit  Lake.  Both  lines 
seemed  to  feather  out  at  the  ends. 

Drilling  was  begun  in  the  district  in  May,  1903,*^  the  first  holes  being 
put  down  in  the  SV/%  of  the  SE>4  of  section  16,  T.  46N.,  R.  28W.,  near 
the  northeast  end  of  the  southern  line  of  attraction,  while  later  holes 
were  put  down  in  sections  21,  20,  and  10,  T,  46N.,  R.  28W.,  also  on  the 


a,  KMj,  A  new  promitins  Lake  Superior  iron  district:  Min,  Wtd.,  vol.  ai,  pp. 
446-448,  Vow.  5,  1904. 
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southern  line  of  attraction.  Exploration  work  was  begun  in  section  30, 
T.  47N.,  R.  28W.,  south  of  Rabbit  Lake  on  the  northern  line  of  attrac- 
tion, in  July,  1904.  Five  drills  were  active  throughout  the  summer  of 
1904,  and  by  October,  1904,  twenty-two  holes,  more  than  half  of  which 
encoimtered  iron-bearing  formation  or  lean  iron  ore,  had  been  drilled, 
and  the  information  gained  was  first  given  to  the  public.  When  the  in- 
formation began  to  spread,  much  interest  and  excitement  was  created, 
even  though  ore  in  commercial  quantity  had  not  yet  been  found. 

Besides  this  drilling  in  the  central  part  of  the  district,  it  is  stated  that 
drilling  was  done  also  during  the  summer  of  1904  in  the  Dam  Lake 
region  about  three  miles  south  of  Kimberly." 

Magnetic  exploration  work  progressed  very  rapidly  after  the  dis- 
covery of  iron-bearing  formation,  and  soon  the  district  in  which  abnormal 
magnetic  attractions  were  found  to  occur  was  greatly  enlarged  by  ex- 
tensions to  the  northeast  and  southwest.  Various  mining  companies 
from  the  other  iron  ranges  took  options  on  favorably  located  properties 
and  started  exploration  work.  Among  the  first  of  these  to  come  into 
the  district  was  the  Oliver  Mining  Company  of  the  United  States  Steel 
Corporation,  which  took  options  on  large  tracts  of  land  and  started 
drilling  operations.  After  considerable  drilling  and  exploration,  how- 
ever, this  company  withdrew  from  the  district  and  has  not  since  then 
been  identified  with  any  of  the  Cuyuna  range  operations.  Other  com- 
panies that  came  into  the  district  from  other  ranges  are  Pickands,  Mather 
and  Company,  Rogers-Brown  Ore  Company,  Tod-Stambaugh  Company. 
M.  A.  Hanna  and  Company,  Inland  Steel  Company,  Ogelbay,  Norton 
and  Company,  and  Jones  and  Laughlin  Steel  Company.  Some  of  these 
companies  have  become  permanently  identified  with  the  district,  while 
others  withdrew  after  preliminary  exploration  work. 

Not  long  after  the  discovery  of  the  existence  of  iron-bearing  forma- 
tion in  the  Cuyuna  district,  the  possible  connection  between  the  iron- 
bearing  formation  of  the  western  end  of  the  Mesabi  district  and  that 
of  the  Cuyuna  district  became  a  subject  of  considerable  interest,  and 
soon  drilling  was  started  in  the  region  southwest  and  south  of  Grand 
Rapids  and  north  and  northwest  of  Aitkin.  This  drilling  has  continued 
to  the  present  time,  and  ore  has  been  found  locally  in  this  region. 

The  first  attempt  at  underground  work  in  the  Cuyuna  district  was 
made  by  the  Hobart  Iron  Company  of  Pickands,  Mather  and  Company, 
which  sunk  a  120-foot  shaft  with  several  hundred  feet  of  cross  cuts  in 
the  SWJ  4  of  the  SEj4  of  section  8,  T.  45N.,  R.  29W.  This  work  was 
done  in  1905  and  the  early  part  of  1906,  but  the  operation  was  abandoned 
after  some  months. 


"Thomas,  Kirby,  Notes  on  the  geology  of  a  new  iron   ore  district  in   Minnesota:     Mines 
and  Minerals,  vol.  2$,  p.  27,  August,  1905. 
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The  first  permanent  mining  shaft  in  the  Cuyuna  district  was  sunk  by 
Rogers-Brown  Ore  Company.  During  the  summer  of  1907  this  com- 
pany started  drilling  on  lands  on  which  they  had  secured  options  in  sec- 
tions 29  and  30,  T.  47N.,  R.  28W.*®  south  of  Rabbit  Lake.  Some  of 
these  lands  had  been  previously  drilled  by  other  companies,  including  the 
Oliver  Mining  Company,  the  latter  having  secured  an  option  on  the  prop- 
erties, but  having  released  them  because  the  results  of  exploration  were 
considered  unsatisfactory.  The  indications  of  the  presence  of  ore,  as 
shown  by  the  Rogers-Brown  Ore  Company  exploration  work,  appeared 
so  favorable,  that  this  company  took  a  lease  on  the  properties  and  started 
sinking  its  shaft,  which  has  developed  into  the  present  Kennedy  mine. 
The  Oliver  Mining  Company  had  already  attempted  sinking  a  shaft  on 
the  tract,  but  this  had  caved  in  at  a  depth  of  25  feet.  Previous  to  start- 
ing their  permanent  shaft,  the  Rogers-Brown  Ore  Company,  therefore, 
sunk  an  exploration  shaft  less  than  100  feet  south  of  the  old  Oliver 
Mining  Company's  shaft  in  order  to  test  the  surface.  This  was  put  down 
to  a  depth  of  50  feet,  and  as  no  great  difficulty  was  encountered,  the  per- 
manent shaft  was  started  near  the  southeast  corner  of  lot  5  of  section 
30,  T.  47N.,  R.  28W.,  about  half  a  mile  northeast  of  Cuyuna.  The  shaft 
was  begim  as  a  10  by  16  foot  lath  shaft,  but  considerable  quicksand  was 
encountered,  and  it  was  changed  to  a  drop  shaft,  which  after  great  diffi- 
culty and  nearly  a  year  of  uncertainty  was  finally  ledged  at  a  depth  of 
112  feet  in  October,  1908.®^ 

In  the  meantime  exploratory  drill  work  had  been  carried  on  through- 
out the  region  so  that  the  district  had  been  greatly  extended  both  to  the 
northeast  and  southwest.  By  1909,  2,000  holes  had  been  drilled,  and 
iron-bearing  rocks  with  associated  ore  had  been  proved  to  exist  in  two 
parallel  northeast-southwest  belts,  one  north  of  the  Northern  Pacific 
Railway,  known  as  the  north  range,  and  the  other  south  of  the  railway, 
known  as  the  south  range.*®  In  the  south  range  iron-bearing  formation 
had  been  shown  to  occur  as  far  northeast  as  Rice  River,  T.  48N.,  R.  26W., 
and  southwest  as  far  as  Mississippi  River,  T.  43N.,  R.  32W.,  a  distance 
of  about  fifty  miles.  In  the  north  range,  iron-bearing  formation  had 
been  found  at  various  localities  in  T.  47N.,  R.  28W.,  T.  47N.,  R.  29W., 
and  T.  46N.,  R.  29W.  In  addition  to  this,  iron-bearing  formation  had 
been  found  also  west  of  Mississippi  River  in  T.  133N.,  R.  32W.,  south- 
west of  Staples.*®     However,  exploration  work  was  actively  continued. 


"* Woodbridge,  D.  E.,  Iroti  ore  in  Crow  Wing  County,  Minnesota:  Eng.  and  Min,  Jour., 
vol.  84»  pp.  775-776,  Oct.  26,  1907. 

"Anon.,  A  difficult  shaft  sinking  operation  at  Deerwood,  Minnesota:  Iron  Tr.  Rev., 
vol.  43,  pp.  772-774.  Nov.  5.  X908. 

"Adams,  F.  S.,  The  iron  formation  of  the  Cuyuna  Range:  Econ.  Geology,  vol.  s»  PP* 
729*740,  1910;  vol.  6,  pp.  60-70,  156-180,  191 1. 

"Adams,  F.  S.,  op.  cit. 
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and  during  the  fall  of  1910  forty  drills  were  at  work  in  various  parts 
of  the  range. 

When  the  iron-bearing  rocks  in  the  district  were  first  discovered, 
Brainerd,  Deerwood,  and  Aitkin  were  the  only  towns  of  importance  in 
the  r^on,  and  Deerwood  was  the  only  town  located  in  the  area  where 
the  first  important  deposits  of  iron  ore  were  discovered.  It  was  not 
long,  however,  before  new  townsites  were  established  and  Cuyuna, 
Crosby,  and  Ironton  became  active,  growing  towns.  Cuyuna  was  settled 
in  1908,  Crosby  was  platted  in  1909  and  settled  in  1910,  while  Ironton 
was  established  in  1910.  Later  the  towns  of  Riverton,  Manganese, 
Woodrow,  Barrows,  and,  more  recently,  Trommald  were  settled. 

It  was  not  long  after  the  completion  of  the  Kennedy  shaft  to  bed 
rock,  that  the  construction  work  on  the  Minneapolis,  St.  Paul,  and  Sault 
Ste.  Marie  Railroad  branch  line  into  the  Cuyuna  range  was  started  and 
by  December,  1910,  it  had  reached  the  town  of  Cuyuna  near  the  Kennedy 
mine,  and  the  grading  had  been  completed  into  Crosby  and  Ironton.*® 
A  spur  had  also  been  constructed  to  the  Kennedy  mine,  where  the  shaft 
had  been  sunk  to  the  lowest  level  (262  feet)  and  where  a  stock  pile  of 
45,000  to  50,000  tons  of  ore  was  awaiting  shipment.  The  first  trainload 
of  ore  from  the  Cuytma  range  was  shipped  over  this  road  from  the 
Kennedy  mine  in  May,  191 1. 

Meanwhile  other  shafts  were  being  sunk  in  the  north  range,  and  in 
1912  the  Armour  No.  i  and  Armour  No.  2  mines  near  Ironton,  and 
the  Thompson  mine  near  Crosby,  made  their  initial  shipments,  increasing 
the  list  of  producers  to  four. 

The  Armour  No.  i  mine  was  opened  by  the  Iroquois  Iron  Company, 
which  sank  a  circular  concrete  shaft  south  of  the  ore  body  during  1910 
and  1911.  During  1912  and  1913,  I59>859  tons  of  ore  were  produced 
from  this  mine,  but  in  July,  1913,  all  operations  ceased.**  The  property 
remained  idle  during  1914,  but  in  January,  1915,  the  lease  of  the  Iroquois 
Company  was  assigned  to  the  Inland  Steel  Company,  who  decided  to  strip 
the  western  part  of  the  ore  body.  Stripping  operations  were  commenced 
in  the  spring  of  191 5  and  were  continued  during  the  summer,  remarkably 
rapid  progress  being  made.  A  total  of  about  800,000  cubic  yards  of  over- 
burden was  removed,  much  of  which  was  taken  through  the  Pennington 
open  pit  with  which  the  Armour  No.  i  pit  is  directly  connected.  Mining 
operations  in  the  open  pit  began  in  August,  191 5,  and  79,773  tons  of  ore 
were  shipped  before  the  end  of  the  year.  During  the  season  of  1916,  the 
Armour  No.  i  mine  was  steadily  operated. 


■*Anoii.,  Tlie  Cuyuna   range,  Minnesota:    Eng.  and  Min,  Jour.,  vol.   #«,  p.    c«i4,   Dec 
17,  191©. 

■■AnoB,,  Annour  mines  on  Curuna  range:    Iron  Tr.  Rov„  vol.  57,  |i.  laai,  Dec  t^  191 5. 
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PLATE    XIII 


REMOVING  OVERBURDEN  BY  HYDRAULIC  METHOD  AT  THE  ROWE  MINE,  NEAR  RIVER- 
TON.      SHOWS    STREAM    OF    WATER   ISSUING    FROM    GIANT    NOZZLE 
WASHING   DOWN    SAND   AND   CLAY 


B.      REMOVING  OVERBURDEN   BY    HYDRAULIC    METHOD   AT  THE    HILLCREST   MINE,   NEA 

IROXTON.      SHOWS   GL\NT   NOZZLE,  CENTRIFUGAL  PUMP,   AND  DISCHARGE   PIPE 

PHOTO  BY   CARL  ZAPPFE 
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The  Armour  No.  2  mine  was  leased  and  drilled  by  the  Iroquois  Iron 
Company.^  Exceptionally  good  ore  is  said  to  have  been  shown  up  in 
the  drilling,  and  it  was  soon  discontinued  and  a  concrete  shaft  was  sunk 
during  1910  and  191 1.  Mining  was  started  in  1912,  and  524,825  tons 
of  ore  were  shipped  during  the  seasons  of  1912,  1913,  and  1914,  by  the 
Rogers-Brown  Ore  Company,  which  operated  the  property.  In  January, 
1915,  the  lease  was  assigned,  together  with  that  on  the  Armour  No.  i 
property,  to  the  Inland  Steel  Company,  which  shipped  333,856  tons  of 
ore  from  this  mine  during  191 5.  The  Armour  No.  2  mine  has  been  in 
steady  operation  since  it  was  first  started,  and  some  of  the  best  ore 
shipped  from  the  district  has  come  from  this  mine. 

The  Thompson  mine  was  started  as  an  undergrotmd  mine  by  the 
Inland  Steel  Company  in  191 1.  A  shaft  was  sunk  between  two  ore 
bodies,  one  on  the  north  and  one  on  the  south,  and  small  quantities  of 
ore  were  shipped  during  1912  and  1913.  It  was  then  decided  to  strip  the 
south  ore  body,  and  mine  the  upper  part  of  it  by  open  pit  methods.  The 
underground  workings  were  closed  in  June,  1913,'*  and  stripping  opera- 
tions were  in  progress  during  the  latter  part  of  1913  and  the  early  part 
of  1914,  the  first  ore  being  shipped  from  the  open  pit  during  the  summer 
of  1914.  Since  then  the  Thompson  mine  has  been  operated  steadily.  In 
the  fall  of  1916  the  steam  shovels  were  removed  from  the  pit  and  milling 
was  inaugurated.  At  about  the  same  time  stripping  operations  were 
started  on  the  north  ore  body  and  continued  during  the  spring  of  1917. 

In  1913  five  new  mines  joined  the  ranks  of  producing  mines.  They 
are  the  Pennington,  Ironton,  and  Cuyuna-Mille  Lacs  mines  near  Ironton, 
the  Iron  Mountain  (now  Algoma)  mine  near  Manganese,  and  the 
Barrows  mine  near  Barrows.  These  mines,  with  the  exception  of  the  Bar- 
rows mine,  are  located  on  the  north  range,  and  two  of  them,  the  Cuyuna- 
Mille  Lacs  and  Iron  Motmtain  mines,  are  manganiferous  iron-ore  mines. 
The  Barrows  mine  is  located  in  the  western  part  of  the  south  range. 

The  Pennington  mine  was  the  first  open-pit  mine  in  the  Cuyuna  dis- 
trict. Excavation  was  started  in  January,  1913,  and  before  the  end  of 
the  year  1,500,000  cubic  yards  of  overburden  had  been  removed  and 
101,136  tons  of  ore  had  been  mined.*^  The  first  carload  of  ore  was 
shipped  August  2,  191 3,  and  shipping  continued  until  the  close  of  lake 
navigation,  about  the  middle  of  November.  During  1914  the  Pennington 
mine  was  idle,  but  shipments  recommenced  in  August,  191 5,  after  the 


'  oSwaiiMMi,  Aogvat,  Annual  report  of  Inspector  of  Mines,  Crow  Wiaff  County,  Minn.» 

Year  ending  June  30,  1914,  p.  8. 
^  ** WeodbrUfe*  D.  £.,  Changes  and  outlook  in  the  lake  iron-ore  trade:    Iron  Agt,  vol.  93* 

pp.  i5«i8,  Jan.  i,  1914. 

Anon.,  The  Dean-Itasca  and  Pennington  mines:  Jron»  Tr,  Rtv.,  toL   57,  pp.   1140*1 141* 

Dec.  9,  191S. 


Digitized  by  VjOOQIC 


I02         GEOLOGY  OF  EAST  CENTRAL  MINNESOTA 

completion  of  the  Armour  No.  i  open  pit,  and  were  continued  during 
1916. 

The  Ironton  and  Cuyuna-Mille  Lacs  mines  both  made  small  initial 
shipments  in  1913.  The  Ironton  mine  is  located  in  the  northern  part  of 
the  village  of  Ironton  on  the  southwest  extension  of  the  Armour  No.  2 
ore  body.  It  was  opened  in  191 2,®"  and  49,150  tons  of  ore  were  shipped 
during  1913  and  1914.  In  1915  the  mine  was  idle  and  recommenced  oper- 
ations only  during  the  latter  part  of  the  season  of  1916. 

The  Cuyuna-Mille  Lacs  and  Iron  Mountain  mines  were  the  first 
shippers  of  manganiferous  iron  ore  in  the  Cuyuna  district.  The  Cuyuna- 
Mille  Lacs  mine  is  situated  just  south  of  Menomin  Lake  about  a  mile 
northwest  of  Ironton.  The  shaft  was  started  in  October,  191 1,  and 
reached  bed  rock  after  penetrating  about  50  feet  of  surface  drift.  In 
191 3,  27,300  tons  of  ore  were  shipped,  and  shipments  have  continued  to 
the  present  time.  Until  1916  the  Cuyuna-Mille  Lacs  mine  was  the  only 
important  shipper  of  manganiferous  iron  ore  in  the  district,  only  small 
shipments  being  made  from  the  Iron  Mountain  mine  and  from  one  or 
two  of  the  iron-ore  mines.  Ore,  ranging  from  about  10  per  cent  to  30 
per  cent  in  manganese,*®  and  between  35  and  40  per  cent  in  iron  has 
been  shipped  from  the  Cuyuna-Mille  Lacs  mine,  several  grades  with 
different  manganese  and  iron  content  being  produced.  At  present  the 
lower  grade  ores  are  being  produced  in  larger  quantities. 

The  Iron  Mountain  mine,  located  about  half  a  mile  south  of  Man- 
ganese, was  opened  by  the  Iron  Mountain  Mining  Company.  The  first 
shaft  was  sunk  during  191 1  and  1912,  but  was  closed  down  and  a  second 
shaft  was  started  in  May,  1913.®^  The  first  ore  was  shipped  in  1913,  con- 
sisting of  a  few  carloads  used  for  experimental  purposes.**  The  mine 
was  idle  in  1914,  but  operations  were  recommenced  in  1915,  8,600  tons 
of  ore  being  shipped  during  the  season.  In  the  winter  of  1916  the  Iron 
Mountain  mine  was  taken  over  by  the  Hoch  Mining  Company  and  re- 
named the  Hoch  mine.  A  large  tonnage  was  mined  and  shipped  during 
the  season  of  1916.  At  the  present  time  (summer  1917)  the  mine  is 
being  operated  by  the  Algoma  Mining  Company  and  is  known  as  the 
Algoma  mine. 

The  Barrows  mine,  located  4  miles  southwest  of  Brainerd,  was  the 
first  of  the  south  range  mines  to  join  the  list  of  producers.      It  was 


**  Swanson,  August,  Annual  report  of  Inspector  of  Mines,  Crow  Wing  County,  Minnesota. 
Year  ending  June  30,  ipMt  V-  "• 

**Zapffe,  Carl,  Matters  of  interest  to  operators  regarding  the  Cuyuna  district:  Proc. 
Lake  Sup.  Min.  Inst.,  vol.  ao,  pp.  196  et  seq.,  Sept.  meeting,  191 5. 

"  Swanson,  August,  Annual  report  of  Inspector  of  Mines,  Crow  Wing  County,  Minnesota. 
Year  ending  June  30,  191 3,  p.  11. 

••Zapffe,  Carl,  op.  cii.,  p.   197. 
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A.      SINKING    A    CONCRETE    SHAFT    AT    THE    CROFT    MINE,    NEAR    CROSBY 
PHOTO  BY   CARL  ZAPPFE 


B,      IRON-ORE    CONCENTRATING   PLANT   AT   THE   ROVVE    MINE,    NEAR   RIVERTI 
PHOTO  BY   CARL   ZAPPFE 
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soon  followed^  however,  by  the  Adams  mine  and  more  recently  by  the 
Wilcox  and.Brainerd-Cuyuna  mines. 

At  the  Barrows  mine  considerable  difficulty  was  encountered  in  shaft 
sinking  on  account  of  bad  ground.  A  test  shaft  was  sunk  during  191 1  to 
a  depth  of  80  feet,  and  the  conditions  encountered  were  so  serious  that 
the  second  shaft  was  started  as  a  timber  drop  shaft.  This  was  aban- 
doned after  reaching  a  depth  of  more  than  50  feet.  A  third  shaft,  also 
a  timber  drop  shaft,  was  started  early  in  1912  and  was  finally  ledged. 
The  Barrows  mine  was  operated  by  the  Virginia  Ore  Mining  Company, 
of  M.  A.  Hanna  and  Company,  the  first  ore  being  shipped  from  the  mine 
in  191 3.  Shipments  continued  until  the  summer  of  1914  when  the  lease 
was  abandoned  and  the  mine  ceased  operating.  The  Barrows  mine  is 
owned  by  the  Brainerd  Mining  Company. 

During  the  shipping  season  of  1914  only  two  new  mines  were  added 
to  the  producing  list,  viz.,  the  Rowe  mine,  near  Riverton,  on  the  north 
range  and  the  Adams  mine,  3  miles  southwest  of  Deerwood,  on  the  south 
range.  Several  new  shafts,  however,  were  started  during  the  year,  in- 
cluding the  Sultana  shaft  about  a  mile  northwest  of  Ironton,  the  Croft 
shaft  near  Crosby,  the  Wilcox  shaft  near  Woodrow,  and  the  Rowley  shaft 
half  a  mile  south  of  Barrows. 

The  Rowe  open-pit  mine  of  the  Pittsburgh  Steel  Ore  Company  was 
excavated  during  1913  and  1914,  the  first  ore  being  shipped  in  the  autumn 
of  1914.  Sluicing  and  hydraulic  stripping  were  successfully  applied  in 
the  removal  of  the  overburden  which  covered  the  ore,  this  being  the  first 
instance  of  such  methods  being  employed  in  the  removal  of  overburden 
in  the  Lake  Superior  district.®®  The  operations  were  begun  in  August, 
1 91 3,  and  for  a  short  time  the  sluicing  method  was  used.  The  location  is 
near  the  shore  of  Little  Rabbit  Lake,  and  a  hill  rising  to  an  elevation  of 
50  feet  above  the  level  of  the  lake  covered  the  ore  body.  Water  was 
therefore  pumped  from  the  lake  up  to  the  hill  and  turned  loose,  the  re- 
turning stream  carrying  a  full  burden  of  material  down  to  the  lake.  This 
was  continued  until  the  slope  became  too  low  for  the  effective  removal 
of  material.  A  hydraulic  giant  and  a  centrifugal  sand  pump  were  then 
installed.  The  stream  from  the  hydraulic  giant  undercut  the  banks  of 
sand  and  clay,  and  the  material  was  washed  by  the  water  down  to  a  sump 
where  it  was  picked  up  through  suction  by  the  sand  pump  and  discharged 
through  a  12-inch  pipe  into  the  lake.    The  stripping  operations  continued 


••Kellogg,  L,  O.,  Stripping  with  the  hydraulic  giant:  Eng.  and  Min.  Jour.,  vol.  97,  pp. 
166-167,  Jan.  17,  1914. 

McAuliffe,  P.  J.,  Stripping  a  mine  by  hydraulic  methods:  Coal  Age,  vol.  5,  pp.  568-569, 
Apr.  4.  1914. 

McCarty,  E.  P.,  Hydraulic  stripping  at  Rowe  and  Hillcrest  mines  on  the  Cuyuna  Range, 
Minn.:  Lake  Sup.  Min.  Inst.,  Sept.  meeting,  1915.  See  also  Iron  Tr.  Rev.,  vol.  58,  pp.  136-139, 
Jan.  13,  1916. 
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into  the  stiimner  of  1914,  a  total  of  about  1,581,000  cubic  yards  of  earth 
being  removed,  of  which  81,000  cubic  yards  were  removed  by  the  pre- 
liminary sluidnf .  The  final  clearing  up  of  boulders  and  other  material 
not  removed  by  hydraulicking  was  done  with  steam  shovels. 

During  1914,  80,000  tons  of  ore  were  shipped  from  the  Rowe  mine. 
But  it  was  found  that  in  many  parts  of  the  ore  body  the  ''direct-shipping'' 
ore  was  irr^ularly  mixed  with  low-grade  material  which  could  not  be 
shipped  profitably  without  concentration.  Concentration  tests  were  made 
on  this  material  during  the  following  winter  and  during  the  sprin^f  and 
summer  of  191 5,  a  concentrating  plant  was  erected.  No  ore  was  mined 
during  this  time,  but  in  August,  191 5,  upon  the  completion  of  the  con- 
centrating plant,  operations  recommenced  and  I43>i63  tons  were  shipped 
before  the  season  closed.  A  large  part  of  this  tonnage  consisted  of  con- 
centrates. 

The  Adams  mine  is  the  easternmost  mine  on  the  south  range.  The 
area  in  which  it  is  located  was  one  of  the  first  to  be  explored  in  the 
Cuyuna  district.  In  1908-9,  a  shaft  was  sunk  on  the  property  by  Rogers 
Brown  Ore  Company,  but  was  abandoned  at  a  depth  of  52  feet  before  it 
had  penetrated  the  surface  drift.^^  A  few  years  later  the  property  was 
leased  by  Cuyler  Adams  and  a  concrete  shaft  was  sunk  for  him  by  the 
New  York  Foundation  Company  in  1912.  The  ore  body  was  opened 
during  1913,  and  some  ore  was  shipped  in  1914,  but  during  the  fall  of 
the  latter  year  operations  ceased  and  the  mine  has  since  then  been  in- 
active. 

The  year  191 5  was  one  of  considerable  activity  in  the  Cuyuna  dis- 
trict. Early  in  the  year  the  concentrating  plant  at  the  Rowe  mine  was 
started,  stripping  operations  were  b^;un  at  the  Hillcrest  mine,  about  a 
mile  west  of  Ironton,  and  at  the  Armour  No.  i  mine  north  of  Ironton, 
while  shaft-sinking  was  in  progress  at  the  Croft  mine  near  Crosby,  and 
at  the  Rowley  mine  of  the  Barrows  Mining  Company,  south  of  Barrows. 
A  little  later  stripping  operations  were  htgvm,  on  the  Mahnomen  open- 
pit  mine  of  the  Mahnomen  Mining  Company,  north  of  the  Pennington 
open  pit.  Toward  the  latter  part  of  the  summer,  the  Hopkins  shaft  was 
sunk  by  Breittmg  and  Company,  Ltd.,  a  short  distance  east  of  the  Cuyuna- 
Mille  Lacs  mine,  while  in  the  fall  the  Tabbert  shaft  of  the  Adbar  Devel- 
opment Company  was  started  in  the  south  range  between  Brainerd  and 
Woodrow. 

Only  three  new  mines  made  their  initial  shipments  in  191 5,  these 
being  the  Sultana  mine  north  of  Ironton  on  the  north  range,  the  Wilcox 
mine  near  Woodrow,  and  the  Brainerd-Cuyuna  mine  near  Brainerd,  both 
on  the  south  range.    The  Sultana  mine  of  the  Sultana  Mines  Company, 
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formerly  the  Cuyuna-Sultana  Company,  is  located  in  the  southern  part 
of  section  3,  T.  46N.,  R.  29W.,  about  half  a  mile  east  of  the  Cuyuna- 
Mille  Lacs  mine,  and  like  the  latter  is  a  manganiferous  iron-ore  mine. 
The  first  exploration  shaft,  which  is  now  Shaft  No.  i,  was  b^^  June 
25,  1914,  and  the  permanent  hoisting  shaft  was  b^fun  October  i,  1914. 
Both  were  ledged  during  the  fall  of  1914.  A  small  quantity  of  ore  was 
shipped  in  the  fall  of  191 5,  and  during  the  spring  and  summer  of  1916 
a  considerable  tonnage  was  mined.  A  small  experimental  concentrating 
plant  for  treating  the  lower  grade  ore  was  erected  in  the  spring  of  191 5, 
but  tests  were  unsuccessful. 

The  sinking  of  the  Wilcox  shaft  was  b^;un  early  in  1914  and  con- 
tinued during  the  summer  and  fall.^^^  The  ore  body  was  opened  during 
the  winter  and  the  following  spring,  shipments  beginning  during  the 
summer.  The  Wilcox  mine  is  the  only  one  of  the  south  range  mines 
which  has  produced  steadily  since  it  was  opened.  It  was  operated  by  the 
Canadian-Cuyuna  Iron  Mining  Company  during  191 5  and  1916.  In  1917 
it  was  taken  over  by  the  Paterson  Construction  Company  which  is  operat- 
ing it  at  present. 

The  Brainerd-Cuyuna  mine  had  difficulty  in  shaft-sinking  on  account 
of  quicksand.  Two  shafts  were  sunk,  but  were  abandoned  before  reach- 
ing bed  rock,  the  first  one  being  started  in  August,  191 3,  and  the  second 
one  in  February,  1914.^^'  A  third  one,  however,  started  late  in  1914, 
reached  bed  rock  with  difficulty  in  the  spring  of  1915.  The  first  ore  was 
raised  during  the  summer,  the.  shipments  amounting  to  3,000  tons. 

During  1916  there  was  much  activity  among  the  manganiferous  iron- 
ore  mines,  and  considerable  tonnages  of  this  ore  were  shipped  from  the 
Cuytma-MiUe  Lacs,  Sultana,  Hoch  (now  Algoma),  and  Ferro  mines. 
Three  new  manganiferous  iron-ore  mines,  the  Ferro,  located  near  Iron 
Mountain,  the  Mangan  No.  i  mine  situated  just  northeast  of  the  Cuyuna- 
MiUe  Lacs  mine,  and  the  Mangan  No.  2  mine  about  one  fourth  of  a  mile 
north  of  the  Armour  No.  i  mine  near  Ironton,  joined  the  list  of  pro- 
ducers. During  the  late  fall,  several  new  shafts  were  started  on  man- 
ganiferous iron-ore  bodies  in  different  parts  of  the  north  range,  among 
them  being  the  shaft  of  the  Merritt  interests  near  Iron  Motmtain,  the 
McKenzie  shaft  of  the  Donohue  interests  near  Manganese,  and  the  Joan 
shaft  of  the  Joan  Mining  Company,  east  of  Menomin  Lake. 

The  Ferro  mine,  formerly  known  as  the  Duluth-Brainerd,  is  located 
about  half  a  mile  southwest  of  the  Algoma  mine  already  mentioned.  A 
shaft  was  sunk  on  this  property  by  the  Duluth-Brainerd  Iron  Company 
during  the  fall  of  1913,  and  a  litde  ore  was  taken  out.*®*    There  were 


^'^Smtnwon,  August,  Annual   report  of  Inspector  of  IfineSp  Crow  Wing  Cottttt7»  Minn. 
Year  ending  June  30,  1914,  p.  13. 
«*/Wi.,  p.  IS. 
"■/Wd.,  p.  13. 
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no  important  operations,  however,  during  1914  and  1915.  Early  in  1916 
the  property  was  taken  over  by  the  Onahman  Iron  Company,  and  a  large 
tonnage  of  high-grade  manganiferous  iron-ore  was  shipped  during  the 
season. 

The  Mangan  No.  i  mine  of  the  Mangan  Iron  and  Steel  Company 
was  begtm  in  December,  191 5,  and  a  considerable  quantity  of  ore  was 
taken  out  during  the  summer  and  fall  of  1916. 

The  Mangan  No.  2  mine,  also  of  the  Mangan  Iron  and  Steel  Com- 
pany, contains  both  iron  ore  and  manganiferous  iron  ore.  Shaft  sinking 
was  b^un  in  June,  191 6,  and  a  small  quantity  of  manganiferous  iron  ore 
was  mined  during  the  autumn. 

Not  only  were  the  manganiferous  iron-ore  mines  active  during  1916, 
but  more  iron  ore  was  produced  in  the  district  than  during  any  previous 
year.  Four  new  iron-ore  mines  joined  the  producing  list  during  1916, 
these  being  the  Mahnomen  and  Hillcrest  open-pit  mines  near  Ironton  and 
the  Croft  and  Meacham  underground  mines  near  Crosby.  A  second 
shaft  was  started  by  the  Adbar  Development  Company  on  the  Tabbert 
property  near  Woodrow,  the  first  having  been  abandoned  on  account  of 
bad  ground.  This  shaft,  as  well  as  that  at  the  Rowley  mine,  near  Bar- 
rows, had  not  reached  bed  rock  in  the  autumn  of  1916-  Late  in  the 
auttunn  of  1916,  the  Cuyuna  Realty  Company  started  sinking  a  shaft  on 
the  Feigh  property,  located  between  the  Pennington  and  Hillcrest  open 
pits. 

The  Mahnomen  ore  body  was  stripped  of  its  overburden  by  means  of 
steam  shovels,  operations  being  started  early  in  the  sttmmer  of  1915.  The 
work  continued  during  the  summer  and  fall  of  191 5,  and  the  spring  of 
1916.  As  the  ore  body  was  underneath  a  swampy  area,  considerable 
difficulty  was  encountered  in  excavating  on  account  of  water.  However, 
comparatively  rapid  progress  was  made,  and  ore  was  shipped  during  the 
summer  and  fall  of  191 6. 

The  stripping  operations  at  the  Hillcrest  mine  were  commenced  in 
April,  1915;^°*  with  hydraulic  giant  and  sand  pump,  such  as  had  been 
used  in  removing  the  overburden  from  the  ore  body  at  the  Rowe  mine. 
The  average  thickness  of  the  overburden  overlying  the  ore  body  was  about 
sixty-five  feet,  and  it  was  calculated  that  approximately  a  million  cubic 
yards  of  mStterial  had  to  be  removed.  The  work  progressed  rapidly  dur- 
ing the  summer  and  fall,  with  an  operating  force  of  only  six  men  to  a 
shift,  and  it  continued  through  the  extremely  cold  weather  of  January, 
1916.     During  midwinter,  however,  operations  ceased,  but  were  recom- 


>**Aiion.,   Stripping  the   Hillcrest   iron   mine   with   a   sand   pump:    Eng.   and  Min.  Jour., 
.Vol.  101,  pp.  aix-ai5,  1916. 
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menced  in  the  spring.  In  the  summer  the  boulders  and  coarse  debris 
left  by  the  sand  pump  were  removed  by  means  of  a  steam  shovel,  and 
the  first  ore  was  shipped  from  the  mine  in  October.  The  HiUcrest  mine 
is  operated  by  the  Hill  Mines  Company. 

The  Croft  mine  of  the  Merrimac  Mining  Company  (John  A.  Savage 
and  Company),  is  located  about  half  a  mile  north  of  Crosby.  Shaft  sink- 
ing was  begun  at  this  mine  during  the  fall  of  1914  and  continued  through 
the  summer  of  191 5.  In  the  fall  of  191 5,  cross  cuts  were  driven  from  the 
shaft  northward  into  the  ore  body,  and  during  the  winter  and  spring  the 
ore  body  was  opened  up  in  preparation  for  the  shipping  season.  A  con- 
siderable amotmt  of  ore  was  shipped  during  the  summer  and  fall  of  1916. 

The  Meacham  mine  is  situated  a  short  distance  southwest  of  the 
Croft  mine  near  the  edge  of  the  Thompson  open  pit.  The  shaft  was 
sunk  during  1910  and  191 1  at  approximately  the  same  time  that  the  shafts 
for  the  Armour  No.  i,  Armour  No.  2,  and  Thompson  mines  were  being 
stmk,  but  the  mine  was  idle  until  the  spring  of  1916,  the  first  shipment 
being  made  by  Rogers-Brown  Ore  Company  in  May. 

The  iron  ore  and  manganiferous  iron  ore  production  from  the  Cuyuna 
district  to  the  end  of  1916  aggregated  5,116,358  tons,  of  which  4,747,268 
tons  were  iron  ore  and  369,090  tons  were  manganiferous  iron  ore.  This 
ore  was  produced  by  21  mines,  the  bulk  of  it  coming  from  the  Kennedy, 
Armour  No.  2,  Thompson,  Pennington,  Rowe,  and  Armour  No,  i.  Three 
mines  which  contributed  to  this  production,  viz.,  the  Adams,  Barrows, 
and  Brainerd-Cuyuna  mines,  were  idle  in  1916.  The  remaining  18,  how- 
ever, were  actively  operated,  seven  of  them  making  their  first  production 
in  1916.  The  seven  new  mines  are  the  Croft,  Ferro,  HiUcrest,  Mahno- 
men, Mangan  No.  i,  Mangan  No.  2,  and  Meacham.  The  accompanying 
table  shows  the  production  of  the  mines  of  the  Cuyuna  district  to  the  end 
of  1916,  as  reported  to  the  Division  of  Mineral  Resources  of  the  United 
States  Geological  Survey. 

GENERAL  GEOLOGY  OF  THE  DISTRICT 
GENERAL  STATEMENT 

The  only  known  outcrops  of  bed  rock  in  the  Cuyuna  iron-ore  district 
are  the  quartzite  and  greenstone  occurring  near  Dam  Lake  and  Long 
Lake,  a  short  distance  south  of  the  northeastern  end  of  the  iron-bearing 
belt,  and  the  chlorite  schist  at  Randall  near  the  southwestern  end  of  the 
iron-bearing  belt.  Both  of  these  have  already  been  described.  Over 
the  rest  of  the  region  there  is  a  covering  of  glacial  till  varying  in  thick- 
ness from  o  to  400  feet.  The  variation  in  thickness  of  the  mantle  of 
glacial  material  is  due  in  part  to  the  present  surface  topography  and  in 
part  to  the  irregularity  of  the  bed-rock  surface.    The  least  thickness 
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known  in  the  principal  part  of  the  iron-ore  district  is  15  feet.  Because 
of  this  drift  mantle  the  study  of  the  occurrence,  structure,  and  distribu- 
tion of  the  various  rocks  in  the  Cuyuna  district  is  of  necessity  based  on 
information  gained  by  drilling  and  mining  operations. 

The  rocks  in  the  Cuytma  district  which  have  been  found  up  to  the 
present  time  can  all  be  grouped  under  three  classes,  (i)  metamorphosed 
sedimentary  and  igneous  rocks  interlayered  with  each  other  in  beds  and 
lenses,  usually  with  steep  dip  due  to  extensive  folding,  (2)  igneous  rocks 
intruded  intothe  metamorphosed  rocks  subsequent  to  their  metamorphism 
and  deformation,  and  (3)  younger  rocks  which  lie  horizontally  on  the 
eroded  surfaces  of  the  older  rocks. 

The  age  of  the  various  rocks  is  not  definitely  known.  Because  of  their 
metamorphosed  and  folded  state,  the  first  group  mentioned  above  has 
usually  been  classed  as  Huronian,  and  on  account  of  their  general  rela- 
tion to  the  rodcs  of  the  Mesabi  district  and  the  occurrence  of  iron-bearing 
formation  in  them,  it  has  generally  been  supposed  that  they  are  of  the 
same  age  ^  the  iron-bearing  rocks  of  the  Mesabi  district,  i.e.,  upper 
Huronian."* 

In  accordance  with  this  view  all  the  slates,  schists,  and  other 
metamorphosed  rocks  in  east  central  Minnesota  have  been  grouped  under 
the  name  of  Virginia  slate,  which  term  was  originally  applied  to  the  slate 
overlying  the  iron-bearing  Biwabik  formation  in  the  Mesabi  district. 
In  view  of  the  facts  that  no  rock  outcrops  exist  in  the  region  between 
the  southwestern  end  of  the  Mesabi  district  and  the  northeastern  end 
of  the  Cuyuna  district,  a  distance  of  nearly  40  miles,  and  that  only  scat- 
tered drilling  has  been  done  in  this  r^on,  it  seems  premature  to  cor- 
relate definitely  the  rocks  of  the  two  districts.  It  is  possible  that  the 
metamorphosed  rocks  of  the  Cuyuna  district  may  belong  to  either  a  higher 
or  a  lower  horizon  than  the  upper  Huronian  rocks  of  the  Mesabi  dis- 
trict, or  possibly  rocks  of  several  different  geologic  ages  are  present  It 
is  undoubtedly  true  that  in  most  areas  of  pre-Cambrian  rocks  in  northern 
United  States  and  Canada,  where  detailed  work  has  been  possible,  the 
occurrence  and  distribution  of  the  rocks  has  been  shown  to  be  much  more 
complex  than  is  at  present  supposed  to  be  the  case  in  east  central  Minne- 
sota. Our  present  knowledge  of  the  details  of  the  structure  and  stratig- 
raphy of  the  rocks  of  the  region  is  still  too  meager  to  allow  the  sub- 
stitution of  a  definite  classification  for  the  one  now  in  use.  In  fact  there 
is  no  evidence  to  show  that  this  classification  may  not  be  correct.  How- 
ever, it  would  doubtless  have  been  better  had  a  local  term  been  used  for 


wVan  Hiie,  C  R.,  and  Lcith,  C  K.,  The  ffeology  of  tlie  Lake  Superior  region:  U.  S. 
Gtol.  Smnnty  Mom.  sm,  pp.  aia  et  wq.,  191 1. 
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the  metamorphosed  rocks  of  the  Cu3runa  district  pending  the  accumula- 
tion of  more  evidence.  In  the  text  of  this  report  general  terms  preferably 
are  used. 

The  old  metamorphosed  rocks  are  principally  slates  and  sdiists  of 
various  kinds  associated  with  beds  and  lenses  of  iron-bearing  formation. 
Locally  quartzite  also  has  been  found,  and  at  one  or  two  places  lime- 
stone is  reported  to  occur.  The  slates  include  gray  argillaceous  slate, 
finely  micaceous  gray  phyllite,  black  carbonaceous  slate  and  dark  green  * 
amphibolitic  slate.  The  schists  are  principally  quartzose  and  argillaceous 
sericitic  schists,  whicH  are  probably  of  sedimentary  origin.  With  these 
is  associated  green  chloritic  schist,  much  of  which  appears  to  be  of 
igneous  origin,  although  the  original  texture  has  almost  entirely  disap- 
peared. Metamorphosed  chloritic  igneous  rocks,  in  which  the  schistosity 
is  but  slightly  developed,  however,  and  in  which  igneous  textures  are 
still  clearly  visible,  have  also  been  found  in  drilling  operations  in  different 
parts  of  the  district. 

The  rocks  of  second  class,  viz.,  igneous  rocks  which  are  intrusive 
into  the  metamorphosed  rocks  and  have  not  themselves  been  metamor- 
phosed, are  generally  supposed  to  be  of  Keweenawan  age.  If  the  meta- 
morphosed rocks  are  of  upper  Huronian  age  this  is  a  reasonable  assump- 
tion. These  rocks  ocou-  as  dikes  or  irr^fular  intrusive  masses  of  different 
sizes,  cutting  the  older  rocks,  and  in  many  instances  causing  further 
metamorphism  along  the  contacts.  All  rocks  of  this  class  fotmd  in  the- 
district  up  to  the  present  are  subsilicic,  and  are  usually  medium  fine-  • 
grained  or  porphyritic. 

The  rocks  of  the  third  class  occtu"  only  locally  and  in  minor  quantity. 
They  are  of  two  types,  (i)  horizontal  flows  of  igneous  rocks,  probably 
of  Keweenawan  age,  which  have  been  found  at  one  or  two  places  under- 
lying the  glacial  drift  and  overlying  the  metamorphic  complex,  and  (2) 
isolated  patches  of  ferruginous  conglomerate  and  other  sediments  sup- 
posed to  be  of  Cretaceous  age,  and  probably  to  be  correlated  with  similar 
patches  of  sediments  occurring  in  the  western  portion  of  the  Mesabi 
district.***  The  rocks  of  the  first  type  may  perhaps  be  correlated  with 
the  Keweenawan  trap  rocks  found  in  the  region  of  St.  Croix  River  in 
eastern  Minnesota.  No  outcrops  of  them  have,  however,  been  found  in 
the  central  part  of  the  state.  The  second  type  of  i^ocks  is  probably  a 
phase  of  the  clayey  and  calcareous  rocks  of  Cretaceous  age,  beds  of  which 
occur  outcropping  along  Mississippi  River  south  of  Little  Falls  and  else- 
where in  central  Minnesota. 


.  ^^Zapffe,  Carl,  The  Cuyuna  iron  ore  district  of  Minnesota:    Am§r.  At^n.  Adv.  Sci.»  Dec. 
meeting,  1910.    See  also  Supplement  to  the  Braimerd  Tribune,  Jxxlj  1,  1910. 
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STRUCTURE  OF  THE  ROCKS 

The  rocks  of  the  Lake  Superior  r^on  suflFered  folding  at  several 
periods  in  their  history.  As  far  as  is  known,  however,  the  forces  causing 
the  deformation  at  the  different  periods  have  been  applied  in  approxi- 
mately the  same  directions,  i.e.,  northwest-southeast,  so  that  the  results, 
as  apparent  in  the  rock  structure,  are  superimposed  upon  each  other. 
The  final  outcome  of  these  various  deformational  activities  has  been  that 
all  the  pre-Cambrian  rocks  of  the  Lake  Superior  region  have  been  folded 
into  a  great  complex  s)mclinoritun  trending  approximately  northeast- 
southwest.  The  Keweenawan  rocks  have  suffered  the  least  folding  of 
all,  and  form  a  broad  trough  with  a  gently  dipping  northwest  limb  and  a 
more  steeply  dipping  southeast  limb.  The  older  rocks  have  suffered 
successively  greater  deformation,  the  upper  Huronian  having  many  minor 
folds  within  the  main  synclinorium,  while  the  lower  Huronian  and 
Archean  are  in  places  so  intensely  deformed  that  it  is  almost  impossible 
to  decipher  their  relation  to  the  general  structure  of  the  region. 

Because  of  the  dominance  of  the  northwest-southeast  deformation, 
the  general  strike  of  the  rock  structures,  such  as  bedding,  cleavage  or 
schistosity,  and  folds,  throughout  the  Lake  Superior  region,  varies  be- 
tween east-west  and  northeast-southwest.  It  is  this  general  .similarity  of 
secondary  structures  in  all  the  rocks  which  most  strongly  points  to  the 
conclusion  that  the  deformational  movements  at  different  periods  have 
varied  but  little  in  direction. 

Conforming  with  the  general  structure  of  the  Lake  Superior  region, 
the  rocks  of  the  Cuyuna  district  are  folded  into  a  complex  series  of  anti- 
clines and  synclines  trending  northeast-southwest.^®'  In  the  Cuyuna  dis- 
trict the  dip  of  the  limbs  of  the  folds  is  usually  vertical  or  very  steep,  and 
may  be  either  to  the  southeast  or  northwest,  the  former  dip  predomi- 
nating. Very  often  close  folding  has  resulted  in  producing  an  approxi- 
mate parallelism  of  both  limbs  of  a  fold.  This  is  probably  the  explanation 
for  the  great  predominance  of  southeast  dips  in  the  district,  which  are 
characteristic  both  in  the  north  and  south  ranges.  The  pitch  of  the  folds 
is  usually  very  low  and  may  be  either  to  the  northeast  or  to  the  southwest. 
Pitches  in  one  or  the  other  direction  usually  predominate  in  different 
parts  of  the  district.  Thus  at  the  southwestern  end  of  the  north  range 
the  pitch  of  the  folds  is  in  general  to  the  northeast,  while  along  the  cen- 
tral part  of  the  north  range  it  is  to  the  southwest.  Frequently  the  pitch 
•is  so  low  that  the  crests  of  anticlines  are  practically  horizontal  for  miles. 
Because  of  this  low  pitch  of  the  folds,  the  various  rock  layers  appear  on 


"•Van  Hiae,  C.  R.,  and  Letth,  C.  K.,  The  geology  of  the  Lake  Superior  region:  U.  S. 
C€ol,  Survey  Mom,  s*»  W-  ^'o  et  aeq.,  191  >• 

Zapffe,  Carl,  The  Cuyttna  iron  ore  diatrtct  of  Minnesota:  Amtr,  Ast^n.  Adv»  ScL,  Dec 
neetinff,  1910.     See  alto  SnPPUmtnt  to  tho  Bramord  Tribune,  July  i,  1910. 
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the  erosion  surface  as  approximately  parallel  northeast-southwest  trend- 
ing bands.  Locally,  where  the  pitch  brings  rock  layers  below  the  erosion 
surface,  sharp  turns  occur  and  the  bands  double  back  on  themselves. 
Elsewhere  minor  drag  folds  cause  local  irr^^rities  in  their  trend. 

On  account  of  the  lack  of  exposures  and  as  yet  insufficient  drilling 
and  underground  development,  it  has  not  been  possible  to  work  out  the 
details  of  die  structure.  Drag  folds  and  other  secondary  structures  point 
to  the  existence  of  several  major  and  many  minor  folds  in  both  the  north 
range  and  the  south  range.  Ultimately,  by  means  of  these  structures,  it 
may  be  possible  to  determine  the  relationship  between  the  rocks  in  dif- 
ferent parts  of  the  district.  The  apparent  absence  of  any  definite  strati- 
graphic  succession,  however,  is  a  serious  drawback  in  working  out  the 
geologic  relations. 

The  general  distribution  and  structure  of  rocks  in  east  central  Minne- 
sota indicates  that  the  Cuytma  district  is  situated  near  the  axis  of  the 
southwestern  extension  of  the  Lake  Superior  synclinoritma.  The  close 
folding,  such  as  exists  in  this  district,  would  thus  be  naturally  accounted 
for  as  well  as  the  very  gentle  folding  along  the  Mesabi  range  which  is 
supposed  to  be  on  the  north  limb  of  the  syticlinorium.  The  south  limb, 
represented  by  the  Penokee-Gogebic  district  in  northern  Michigan  and 
northern  Wisconsin,  is  as  yet  tmknown  in  Minnesota.  The  extensive 
areas  of  granitic  rock  in  the  Saint  Qoud  and  Mille  Lacs  Lake  r^ons 
may  be  south  of  the  south  limb  of  the  synclinorium,  or,  as  believed  by 
Zapffe,"*  they  may  represent  intrusions  within  the  synclinorium.  It  is 
known  that  some  of  these  granites  do  intrude  metamorphosed  sediments, 
but  the  age  of  the  latter  is  not  definitely  established.  If  the  granite  is 
lower-middle  Huronian  or  Laurentian  in  age  and  represents  the  basement 
upon  which  the  metamorphosed  sediments  of  the  Cuyuna  district  rest, 
then  the  south  limb  of  the  synclinorium  may  be  expected  to  run  northeast- 
ward from  Little  Falls  through  the  northern  part  of  Mille  Lacs  Lake 
toward  Kettle  River.  On  the  other  hand,  if  the  granite  is  of  later  age 
than  the  metamorphosed  sediments  and  represents  intrusions  within  it, 
the  south  limb  of  the  synclinorium  may  be  far  to  the  southeast. 

UTHOLOGY  OF  THE  ROCKS 
OLDER  METAMOBPHOSED  KOCKS     (VISGINIA  SLATE) 

Geologic  relations. — ^The  principal  constituents  of  the  metamorphosed 
rocks  of  the  Cuyuna  district  are  chloritic,  micaceous,  and  quartzose 
schists.  Associated  with  these  are  extensive  layers  of  iron-bearing  rock 
and  locally  lenses  of  quartzite  and  masses  of  metamorphosed  igneous 
rock.    Black,  carbonaceous  slate  and  dark  green  amphibolitic  slate  also 
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occur  in  many  places,  and  limestone  has  been  encountered  locally.  These 
rocks  are  irregularly  interlayered  with  each  other.  They  all  have  a  general 
northeast-southwest  strike,  and  usually  a  steep  dip  to  the  southeast  or 
northwest,  the  former  dip  being  by  far  the  more  common.  On  the 
horizontal  surface  the  different  rock  layers  appear  as  discontinuous  bands 
of  varying  width  all  approximately  parallel.  / 

Up  to  the  present  time  it  has  been  impossible  to  work  out  any  oeiinite 
stratigraphic  succession  for  the  metamorphosed  rocks  of  the  district.  The 
only  horizontal  markers  of  any  considerable  extent  are  the  layers  of  iron- 
bearing  rock.  These,  however,  are  unsatisfactory  since  several  distinct 
bands  of  iron-bearing  rock  run  through  different  parts  of  the  district,  and 
it  is  not  known  as  yet  whether  they  are  the  surface  expressions  of  a  single 
layer  which  has  been  complexly  folded,  or  whether  several  different  layers 
and  lenses  of  iron-bearing  rock  exist  at  different  stratigraphic  horizons. 
The  different  bands  of  iron-bearing  rock  differ  in  the  character  of  ma- 
terials which  they  contain  and  in  the  nature  of  the  wall  rock  which 
bounds  them.  This  would  indicate  that  they  are  not  portions  of  the  same 
layer.  On  the  other  hand,  the  same  band  of  iron-bearing  rock  may  show 
distinct  and  even  abrupt  changes  in  the  nature  of  the  materials  composing 
it,  both  along  the  strike  and  across  it.  Thus  certain  bands  of  iron-bearing 
rock  show  highly  manganiferous  ore  along  one  side  and  ferruginous 
chert  or  hematite  with  only  a  trace  of  manganese  along  the  other  side. 
Other  bands  of  iron-bearing  rock  consist  almost  entirely  of  red  or  brown 
hematite  and  hematitic  or  limonitic  chert  in  one  locality,  while  at  another 
locality  the  same  band  may  consist  largely  of  black  magnetic  ore  and 
magnetitic  slate.  It  is  thus  difficult  to  correlate  the  different  bands  on 
the  basis  of  lithology. 

Some  geologists  believe  that  probably  the  different  bands  of  iron- 
bearing  rock  of  the  north  range  may  be  referred  to  a  single  layer,  but 
that  the  bands  in  the  south  range  represent  a  different  and  probably 
higher  stratigraphic  horizon.  This  assumption  is  based  on  the  fact  that 
the  ore  and  iron-bearing  rock  in  the  two  ranges  present  rather  distinct 
lithologic  differences.  The  south  range  ore  is  usually  black  or  yellow 
and  is  associated  largely  with  slaty,  argillaceous  rocks,  many  of  which 
are  magnetitic.  Ferruginous  chert  does  not  occur  as  abimdantly  as  on 
the  north  range  and  manganese  oxide  is  present  only  in  small  amounts 
in  a  few  places.  The  north  range  ores  on  the  other  hand  are  usually 
brown,  red,  or  blue,  and  are  abundantly  associated  with  ferruginous  chert 
and  only  locally  with  amphibole-magnetite  rock  or  magnetitic  slate.  They 
also  contain  much  manganese  oxide  in  places  which  may  be  present  in 
distinct  bodies  or  may  be  disseminated  through  the  iron  ore.  In  view 
of  the  facts,  however,  that  much  of  the  north  range  iron-bearing  rock 
has  associated  with  it  slaty,  magnetitic  rocks,  and  that  the  manganese 
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oxide  is  only  local  in  its  occurrence  and  apparently  increases  in  annouiit 
toward  the  north,  it  does  not  seem  that  the  lithologic  differences  noted 
between  the  north  range  and  south  range  iron-bearing  rocks  are  sufiioient 
to  justify  their  assignment  t(S  separate  horizons.  On  account  of  the 
unique  character  of  the  iron-bearing  beds,  it  is  believed  that  somewhat 
peculiar  conditions  attended  their  deposition.  That  such  conditions  ivere 
frequently  repeated  in  the  course  of  sedimentation  does  not  seem  prob- 
able in  the  absence  of  definite  data  to  the  contrary.  It  is,  therefore,  more 
reasonable  for  the  present  to  assume  that  only  one  main  iron-bearing- 
horizon  exists  in  the  Cuyuna  district.  Cheney^®'  has  recently  made  an 
interpretation  of  the  rock  structure  of  the  district  on  this  supposition. 

What  is  true  of  the  layers  of  iron-bearing  rock  as  horizon  markers 
is  also  true  of  the  associated  rocks,  and  as  these  in  general  are  much 
less  continuous  and  less  uniform,  they  are  of  but  little  value  in  this  re- 
spect. The  chloritic  schist,  which  is  perhaps  the  most  nearly  uniform  of 
these  associated  rocks,  occurs  in  lenses,  which,  although  of  considerable 
width,  are  rarely  of  great  longitudinal  extent.  Such  lenses  are  found  at 
various  horizons,  frequently  being  interlayered  within  the  iron-bearing 
rock  itself. 

Carbonaceous  slate  is  frequently  used  as  a  local  horizon  marker  as  it 
has  often  been  found  to  occur  along  the  botmdaiy  of  iron-bearing  beds. 
However,  single  layers  are  rarely  continuous  for  long  distances  along  the 
strike.  On  the  south  range,  black  carbonaceous  slate  is  much  more  char- 
acteristic than  on  the  north  range,  being  so  commonly  associated  with 
the  ore  bodies  that  its  presence  is  considered  a  good  indication  for  ore. 

It  might  be  supposed  that  quartzite  would  form  a  definite  stratigraphic 
unit  in  this  district  as  it  does  in  most  of  the  other  Lake  Superior  iron-ore 
districts.  However,  in  the  Cuyuna  district,  quartzite  lenses  and  layers 
have  been  encountered  in  only  a  few  places,  and  it  has  not  yet  been  pos- 
sible to  determine  any  relationship  between  the  scattered  occurrences. 

It  is  possible  that,  as  exploration  work  progresses,  and  individual  beds 
of  different  rocks  are  traced  along  the  strike,  some  orderly  arrangement 
of  layers  may  be  found  to  exist.  For  the  present,  however,  any  attempted 
correlation  is  largely  speculative. 

Deerwood  iron-hearing  member, — ^The  iron-bearing  rocks  of  the  Cuy- 
una district  present  a  variety  of  lithologic  types.  Among  the  more  com- 
mon types  are  hematitic  and  limonitic  chert,  hematitic  and  limonitic  slate, 
cherty  and  argillaceous  ferrous  carbonate,  siliceous  magnetitic  slate, 
amphibole-magnetite  rock,  green  amphibolitic  slate,  jaspilite,  dark  blue, 


^<*  Cheney,  C.  A.,  Jr.,  Structure  of  the  Cuyuna  iron-ore  district  of  liiniiefOte:    Eng.  and 
Min.  Jour.,  toI.  99>  PP«  xii3-ii>S»  June  s6,  191$. 
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PLATE    XVI X 


A.      FERRUGINOUS  CHEKT  SHOWING  REGULAR  INTERBANDING  OF  CHERT  AND  IRON  OXIDE 
AFTER  APPLEBY  AND  NEWTON 


B.      FERRUGINOUS  CHERT  SHOWING  IRREGULAR  INTERMIXING  OF  CHERT  AND  IRON  OXIDE 
AFTER  APPLEBY  AND  NEWTON 
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red,  brown,  black,  and  yellow  iron  ore,  black,  red,  and  brown  manganif  er- 
ous  iron  ore,  green  chloritic  schist,  and  dark  red  hematitic  schist. 

Limonitic  and  hematitic  chert  are  the  most  characteristic  iron-bearing 
rocks  in  the  Lake  Superior  region.  In  the  Cuyuna  district  they  are  most 
abundant  in  the  north  range  where  they  compose  the  principal  part  of  the 
iron-bearing  layers.  However,  they  are  common  on  the  south  range  as 
well.  They  usually  consist  of  interlaminated  white,  pink,  or  gray  chert 
and  hematite  or  limonite,  the  chert  and  iron  oxide  occurring  in  alternate 
layers.  (Plates  XVII  and  XVIII.)  In  some  parts  of  the  rock  the  hematite 
or  limonite  laminae  are  fairly  pure,  and  elsewhere  they  are  very  siliceous. 
In  many  places  the  iron  oxide  present  is  merely  a  stain  or  an  impregna- 
tion. Thus  there  are  all  gradations  of  ferruginous  chert  from  siliceous 
iron  ore  to  chert  containing  only  a  small  percentage  of  iron  oxide.  Much 
of  the  ferruginous  chert,  instead  of  being  banded,  presents  a  blotchy 
appearance  due  to  the  irregular  distribution  of  chert  and  iron  oxide  or 
to  the  irregular  staining  of  the  chert  by  the  iron  oxide.  The  more  sili- 
ceous iron-stained  chert  usually  shows  a  more  irregular  distribution  of 
chert  and  iron  oxide.  In  many  places,  however,  very  siliceous  ferruginous 
chert  shows  an  even  brown  or  red  color  throughout,  the  entire  mass  of 
chert  being  impregnated  with  iron  oxide. 

The  chert  laminae  in  ferruginous  chert  are  typically  fine-grained, 
dense,  and  flinty,  but  locally  they  have  suffered  partial  disintegration  and 
present  a  fine  sugary  appearance.  When  completely  disintegrated  they 
break  up  into  fine  sand,  giving  rise  to  what  is  known  as  wash  ore.  Wash 
ore  is  soft  ferruginous  chert  from  which  the  disintegrated  chert  can  be 
removed  by  washing  while  the  iron  oxide  remains  behind  and  becomes 
concentrated. 

A  microscopic  examination  of  ferruginous  chert  shows  it  to  consist 
of  little  else  than  silica  and  iron  oxide.  A  large  proportion  of  the  silica 
present  is  in  the  form  of  slightly  recrystallized  chert,  while  the  rest  is 
sufficiently  coarsely  crystalline  to  be  called  quartz.  Very  little  chert  is 
amorphous  as  are  cherts  of  recent  geologic  age.  Most  of  it  has  a  micro- 
crystalline  texture,  the  coarseness  of  which  varies  so  that  all  gradations 
occur  between  chert  and  quartz.  The  iron  oxide  is  usually  amorphous, 
generally  occurring  thickly  bunched  along  layers,  but  at  many  places  also 
being  disseminated  through  the  chert  as  tiny  specks.  Locally  phases  of 
the  ferruginous  chert  contain  iron  oxide  in  the  crystalline  form. 

Hematitic  and  limonitic  slates  are  not  as  abundant  in  the  district  as 
ferruginous  chert,  but  occur  locally  as  beds  and  lenses  interlayered  with 
ferruginous  chert  or  iron  ore.  They  are  usually  dark  red  or  light  to 
dark  brown  and  present  a  thinly  laminated  appearance.  Red  hematitic 
slate  is  by  far  the  most  abtmdant.  It  is  dark  red,  soft,  and  in  general  is 
finely  and  regularly  laminated.    The  brown  limonitic  slate  is  usually  more 
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fafdnted  than  die  red  sbte  and  in  places  has  a  soft,  dayqr  coosistency. 
Silioeoas  phases  of  die  slates  vdudi  show  gradation  into  ferruginous 
diert  occur  alsa  These  are  diinly  laminated,  but  are  hard  and  in  {daces 
contain  thin  chert  layers.  The  ferruginous  slates  rq>resent  stages  in  the 
dq>osition  of  the  iron-bearing  rocks  ifrtien  fine,  argillaceous  sediment 
rather  than  silica  was  being  dq)osited  with  the  iron.  They  are  generally 
not  slates  in  the  proper  sense  of  the  word,  as  they  raiely  show  slaty 
cleavage  but  are  rather  indurated,  ferruginous  shales  or  ferruginous 
argillites.  They  are  not  as  abundant  in  the  Cuyuna  district  as  in  some 
of  the  other  Lake  Superior  iron-ore  districts,  especially  in  the  MesabL 

The  ferruginous  slates  differ  from  the  hematitic  sdiist,  described  on 
page  119,  in  that  they  are  sedimentary,  having  been  deposited  at  the  same 
time  as  the  ferruginous  cherts,  and  having  suffered  the  same  alterations. 
The  hematitic  schist  on  the  other  hand  results  from  the  alteration  and 
impregnation  with  iron  oxide  of  the  green  chloritic  schist,  a  rock  of  prob- 
able igneous  origin,  which  is  commonnly  associated  with  the  iron-bearing 
rock.  Most  of  the  ferruginous  slates  cleave  parallel  to  the  original 
bedding  laminations;  hematitic  schist  cleaves  parallel  to  the  schistosity. 
Certain  ferruginous  slates,  however,  which  are  derived  from  the  oxidaticni 
of  green  amphibolitic  slates  also  have  well-developed  secondary  deavage. 

Cherty  and  argillaceous  ferrous  carbonates  are  believed  to  be  the 
original  rocks  from  which  the  iron-bearing  beds  of  the  Cuyuna  range 
in  their  various  phases  are  largely  derived.  Such  rocks  have  been  re- 
ported from  many  parts  of  the  district,  having  been  found  in  the  deep 
drilling,  and  also  in  the  deeper  workings  of  some  of  the  mines.  Several 
different  types  occur  with  gradational  phases  between  them.  They  van.^ 
in  composition  and  texture.  Some  have  a  banded,  laminated  appearance 
while  others  are  massive.  Nearly  all  of  them  are  dense  and  fine  grained. 
They  range  from  light  gray  to  dark  green  or  black  according  to  the  asso- 
ciated minerals  present.  Usually  they  consist  of  interlayered  chert  or 
argillaceous  material  with  amphibole  and  iron  carbonate.  Magnetite  is  a 
common  constituent,  and  with  increasing  magnetite  and  recrystallization 
of  the  other  constituents  these  rocks  grade  into  amphibole-magnetite  rock 
and  magnetitic  slate. 

The  banding  of  the  cherty  and  argillaceous  ferrous  carbonate  is  largely 
due  to  interlayering  of  different  constituents.  The  laminae  of  chert 
and  siderite  are  usually  light  gray  or  greenish,  while  those  containing 
argillaceous  material  or  amphibole  are  darker  and  with  increasing  mag- 
netite become  almost  black.  Some  phases  of  iron  carbonate  rode  are 
light  gray  and  consist  almost  entirely  of  chert  and  siderite  which  may 
be  interlayered  or  may  be  irr^ularly  intermixed.  Grains  of  magnetite  often 
occur  along  lamination  planes,  making  the  banding  more  mariced.  Other 
phases  of  iron  carbonate  rock  contain  considerable  amphibole,  and  these 
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show  mterbanding  of  light  gray  and  somewhat  darker  green  layers.  Still 
other  phases  are  very  dark  gray  or  green  and  consist  mainly  of  amphibole 
and  argillaceous  material,  mixed  with  more  or  less  siderite  but  containing 
little  or  no  chert.  Such  phases  are  usually  very  fine-grained  and  show 
no  marked  lamination.  All  these  varieties  of  iron  carbonate  rock  are 
interbedded  with  each  other  and  grade  into  each  other. 

The  siliceous  magnetitic  slate  and  amphibole-magnetite  rock  are  phases 
of  the  original  iron-bearing  formation  which  have  suffered  metamorphic 
alteration  and  recrystallization.  They  are  banded  or  laminated  rocks 
usually  very  dark  colored  with  a  tinge  of  green.  They  consist  mainly  of 
amphibole  and  magnetite  associated  with  chert  or  quartz.  The  fine- 
grained, finely  laminated  types  with  slaty  structures  are  known  as  mag- 
netitic slates,  while  the  more  coarse-grained  and  coarsely-layered  types 
are  known  as  amphibole-magnetite  rock.  As  is  the  case  with  ferruginous 
slate,  magnetitic  slate  rarely,  if  ever,  shows  slaty  cleavage  and  might  per- 
haps be  more  properly  designated  magnetitic  argillite.  The  banding  in 
these  rocks  is  due  to  the  segregation  of  the  different  minerals  into  layers 
and  also  to  a  difference  in  the  coarseness  of  crystallization.  Thus  layers 
of  fairly  ptu-e  magnetite  alternate  with  layers  of  amphibole  or  of  quartz 
and  amphibole.  Some  bands  are  very  fine-grained,  especially  those  con- 
sisting mainly  of  magnetite,  while  other  bands  as  those  of  amphibole  are 
often  medium  coarse-grained.  The  segregation  of  minerals  in  the  amphi- 
bole-magnetite rocks  and  magnetitic  slates  is  never  perfect.  Small  amounts 
of  magnetite  are  usually  disseminated  through  quartz  and  amphibole 
layers,  while  quartz,  and  amphibole  occur  intermixed  with  magnetite  along 
the  borders  of  magnetite  bands. 

There  is  considerable  variation  in  the  composition  of  these  rocks. 
Some  consist  largely  of  magnetite  and  amphibole  and  others  contain  a 
considerable  amount  of  silica,  either  as  chert  or  quartz,  with  amphibole, 
but  with  little  magnetite.  There  is  also  some  irregularity  in  the  texture, 
such  as  the  thickening  or  pinching  out  of  laminae.  These  irregularities, 
however,  are  much  less  marked  than  they  are  in  the  ferruginous  cherts. 

The  amphibole-magnetite  rock  and  magnetitic  slate  of  the  Cuytma 
district  differ  from  the  typical  amphibole-magnetite  rock  of  some  of  the 
other  Lake  Superior  iron-ore  districts,  such  as  the  Mesabi,  Gogebic,  and 
Marquette  districts.  These  rocks  in  the  Cuyuna  range  are  fine-grained, 
more  perfectly  laminated,  and  in  general  they  contain  less  quartz  and 
more  ferromagnesian  minerals.  The  t}rpical  amphibole-magnetite  rock  of 
the  Cuytma  district  is  a  finely  banded  rock  consisting  of  alternating  bands 
of  magnetite  and  amphibole  with  a  minor  amount  of  quartz.  That  of  the 
eastern  part  of  the  Mesabi  district,  on  the  other  hand,  is  an  irregularly 
banded  rock  consisting  of  alternating  layers  of  fine-grained  magnetite 
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and  coarse-grained  quartz  and  amphibole.  In  the  Cuyuna  district,  quartz- 
ose  and  cherty  phases  of  the  amphibole-magnetite  rock  and  magnetitic 
slate  are  also  common,  however,  and  are  characteristic,  more  especially,  of 
less  highly  magnetitic  phases  of  these  rocks. 

With  decrease  of  magnetite  and  iron  carbonate,  the  slaty  iron  carbon- 
ate rocks  and  magnetitic  slates  grade  into  green  amphibolitic  slates.  These 
are  dark  green  rocks,  nearly  always  finely  and  regularly  laminated  and 
with  well-developed  slaty  cleavage  at  varying  angles  to  the  lamination. 
They  consist  mainly  of  a  network  of  finely  crystalline  amphibole,  but 
usually  considerable  iron  carbonate  is  present  and  locally  magnetite  as 
well.  Green  amphibolitic  slate  occurs  interbedded  with  other  iron-bearing 
formation  rocks  or  in  areas  adjacent  to  them. 

Jaspilite  is  of  rather  rare  occurrence  in  the  Cuyuna  district,  but  well 
defined  beds  of  it  are  found  in  several  of  the  mines.  Thus  at  the  Cuyuna- 
Mille  Lacs  mine  both  the  hard  red-banded  jasper  and  the  specular,  schis- 
tose jasper  occur  along  the  south  wall  of  the  north  ofe  body,  where  they 
are  interlayered  between  typical  banded  hematitic  chert  on  one  side  and 
lean  manganiferous  iron  ore  on  the  other  side. 

Jaspilite  is  metamorphosed  and  recrystallized  ferruginous  chert. 
Where  the  metamorphism  has  not  been  very  intense  a  hard,  dense  rock, 
bright  red  to  reddish  black,  is  formed.  This  is  the  more  common  phase, 
while  the  crystalline,  specular  form  which  results  from  pronounced  re- 
crystallization  is  more  local  in  its  occurrence.  Some  of  the  hard,  red 
jaspilite  shows  oolitic  texture.  In  places  in  the  Cuyuna  district  there  is 
a  very  hard,  dense,  siliceous,  ferruginous  chert  to  which  the  term  jasper 
is  sometimes  applied.  This  rock,  however,  varies  in  color  from  brown 
or  reddish  brown  to  black,  and  is  simply  a  very  siliceous  ferruginous 
chert. 

The  iron  ore  of  the  Cuyuna  district  is  associated  with  diflFerent 
phases  of  the  iron-bearing  rock,  varying  in  color,  texture,  and  composi- 
tion according  to  the  type  of  iron-bearing  rock  with  which  it  is  asso- 
ciated. Seven  or  eight  main  belts  of  the  iron-bearing  rocks  run  in  a 
northeast-southwest  direction  through  the  district,  and  bodies  of 
iron  ore  or  manganiferous  iron  ore  occur  at  intervals  along  nearly 
all  of  these  belts.  Both  hard  and  soft  ores  are  fotmd,  locally  one 
being  more  abundant  and  elsewhere  the  other.  They  have  suffered  vary- 
ing degrees  of  hydration.  Some  consist  of  typical  blue  or  reddish  blue 
hematite,  while  others  consist  of  yellow,  ocherous  limonite.  All  gradations 
between  these  two  extremes  are  found.  Some  of  the  rich  hematite  ore 
like  that  at  the  Armour  No.  2  mine  is  finely  crystalline,  but  most  of  the 
ores  and  especially  the  more  hydrated  forms  are  amorphous.  Locally 
fibrous,  botryoidal  limonite  or  goethite  occurs  in  veins  and  geodes,  but 
does  not  constitute  an  important  ore. 
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The  manganiferous  iron  ore  consists  mainly  of  some  form  of  iron 
oxide  mixed  with  manganite,  pyrolusite,  or  wad.  In  most  of  the  man- 
ganiferous iron  ore  bodies,  local  masses  of  pure  black  manganese  ore 
occur  but  are  usually  present  in  minor  quantity  and  are  irregularly  inter- 
mixed with  manganiferous  iron  ore  or  manganiferous  iron-bearing  rock. 
The  manganiferous  iron  ores  vary  in  color  from  dark  red  or  brown  to 
black,  and  are  usually  fine-grained  to  finely  crystalline  in  texture.  In  a 
few  places  vugs  of  needle  ore  consisting  either  of  pyrolusite  or  man- 
ganite  have  been  encountered. 

The  green  and  gray  chloritic  schist,  commonly  known  as  green  schist, 
and  the  dark  red  hematitic  schist  do  not  belong  to  the  iron-bearing  rocks 
proper,  but  are  closely  associated  with  them.  They  generally  occur  as  small 
lenses  within  the  iron-bearing  layers,  or  they  may  bound  such  layers  on 
either  side.  The  dark  red  hematitic  schist  usually  occurs  along  the  bor- 
ders of  the  lenses  where  the  schist  is  in  contact  with  the  iron-bearing  rock 
or  iron  ore  and  has  become  impregnated  with  iron  oxide  for  varying  dis- 
tances from  the  contact,  while  the  green  or  gray  chloritic  schist  occurs 
in  the  center  of  such  lenses,  or  forms  entire  layers  where  they  are  not  in 
contact  with  iron-bearing  rock. 

As  will  be  mentioned  later,  it  is  believed  that  the  chloritic  schists  repre- 
sent original  masses  of  subsilicic  igneous  rock  which  were  intruded  as 
sills  into  the  iron-bearing  rock  and  associated  sedimentary  rocks,  while 
these  were  still  largely  in  an  unmetamorphosed  condition.  Some  of  it 
may  be  of  volcanic  origin,  having  been  formed  as  local  irregular  flows, 
or  as  beds  of  ash*  or  agglomerate.  Subsequent  metamorphism  and  de- 
formation were  suflFered  alike  by  igneous  rocks  and  sediments. 

Analyses  have  been  made  for  the  writers  by  the  School  of  Mines 
Experiment  Station,  University  of  Minnesota,  of  type  specimens  of  dif- 
ferent phases  of  the  iron-bearing  and  associated  rocks  with  the  view  of 
comparing  the  composition  of  the  different  varieties  of  rock,  as  well  as 
of  determining  approximately  the  range  in  composition  of  some  varieties. 
These  are  given  in  the  accompanying  table. 

Schist,  slate,  quartzite,  and  associated  igneous  rocks, — The  beds  of 
iron-bearing  rock  practically  throughout  the  Cuyuna  district,  are  inclosed 
between  layers  of  schist  or  slate.  Generally  the  schist  or  slate  on  one 
side  of  the  iron-bearing  layer  is  identical  with  that  on  the  other  side. 
Locally,  however,  the  rocks  forming  the  two  walls  present  marked  dif- 
ferences, but  such  differences  are  rarely  constant  over  large  areas. 

A  number  of  distinct  types  of  schist  and  slate  are  found  in  the  Cuyuna 
district,  among  which  are  (i)  white,  greenish  or  brownish,  light-colored, 
quartzose,  sericitic  schist  or  slate,  (2)  gray,  finely  micaceous  schist,  phyl- 
lite,  or  slate,  (3)  dark  green,  laminated,  amphibolitic  slate,  (4)  dark 
green  or  gray  chloritic  schist,  commonly  micaceous  and  locally  quartzose. 
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as  already  described  in  connection  with  the  iron-bearing  rocks,  (5)  dark 
red  hematitic  schist  derived  from  green  chloritic  schist  by  impregnation 
with  hematite,  (6)  dark  red  hematitic  slate  derived  by  oxidation  or  im- 
pronation  with  hematite  from  amphibolitic  slate,  and  (7)  black  carbon- 
aceous slate,  generally  containing  more  or  less  pyrite.  The  distribution 
of  these  various  schists  and  slates  is  irregular,  but  some  are  more  abun- 
dant in  one  locality  and  others  elsewhere.  Thus  quartzose  sericitic  schist 
is  especially  abundant  in  the  region  lying  south  of  the  north  range,  chlo- 
ritic schist  is  very  common  in  association  with  the  iron-bearing  belts 
running  from  Riverton  northeastward  to  Crosby  and  Cuyuna,  while  black 
carbonaceous  slate  is  conspicuous  locally  in  the  northeastern  portion  of 
the  south  range  and  in  the  northern  part  of  the  north  range. 

Although  most  of  the  slate  and  schist  of  the  Cu3rtma  district  is  un- 
doubtedly of  sedimentary  origin,  there  are  certain  types,  as  the  green 
chloritic  schist,  which  in  their  occurrence  and  relation  to  the  associated 
rocks  strongly  suggest  an  igneous  origin.  The  chloritic  schist  generally 
occurs  in  comparatively  short  thick  lenses,  which  are  interlayered  with 
other  rocks  without  any  apparent  order  or  regularity,  although  they  gen- 
erally lie  parallel  to  the  bedding  of  the  enclosing  rocks.  The  chloritic 
schist  rarely  shows  lamination  or  other  sedimentary  characteristics,  and 
its  contact  with  the  associated  rocks  is  sharp  and  without  gradational 
phases.  Its  chemical  and  mineral  composition  has  not  yet  been  studied 
in  sufEcient  detail  to  allow  its  definite  classification,  but  indications  point 
toward  an  igneous  origin.  Much  of  the  light-colored,  quartzose,  sericitic 
schist  or  slate  is  siliceous,  and  local  phases  of  it  might  be  termed  schistose, 
sericitic  quartzite.  The  gray  phyllite  on  the  other  hand  is  usually  very 
fine-grained  and  silky  in  texture  and  rarely  contains  much  quartz.  The 
green  amphibolitic  slate  consists  mainly  of  a  network  of  finely  fibrous 
amphibole,  but  contains  a  considerable  percentage  of  carbonate  minerals. 
This  rock  is  closely  associated  with  the  manganiferous  iron-bearing  rocks 
north  and  south  of  Menomin  Lake. 

Quartzite  has  been  reported  as  occurring  in  several  parts  of  the  dis- 
trict, notably  in  the  northeastern  portion  of  the  south  range  and  near  the 
southwest  end  of  the  north  range.  In  the  latter  locality,,  beds  6i  typically 
fine-grained,  vitreous  quartzite  have  been  encountered  in  drilling  opera- 
tions along  a  belt  more  than  a  mile  long,  beyond  which  it  seems  to  dis- 
appear in  the  schist  areas.  Locally  iron-bearing  rock  and  black  slate 
are  associated  with  it,  but  in  general  chloritic  and  micaceous  schists  occur 
on  both  sides  of  the  quartzite  belt.  In  the  northeastern  part  of  the  south 
range  also  quartzite  has  been  found  by  drilling  in  a  number  of  localities, 
especially  in  the  neighborhood  of  Cedar  Lake.  About  10  or  12  miles 
east  of  this  region  are  the  quartzite  outcrops  at  Dam  Lake.  Some  con- 
nection may  exist  between  the  rocks  of  the  two  regions. 
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Igneous  rocks,  in  which  the  original  constituents  have  been  largely 
altered  and  which  have  suffered  considerable  deformation  locally,  have 
been  encountered  in  drilling  operations  in  different  parts  of  the  district. 
Most  of  them  seem  to  have  been  originally  of  a  subsilicic  character  and 
now  consist  mainly  of  chlorite.  Some  still  show  the  original  igneous 
textures,  while  others  have  been  rendered  schistose  and  grade  into  chlo- 
ritic  schist.  Gradations  between  the  schistose  and  non-schistose  phases 
have  been  found  locally. 

These  rocks  are  believed  to  be  of  approximately  the  same  age  as  the 
associated  metamorphosed  sediments,  namely  upper  Huronian.  The  less 
schistose  phases  are  usually  medium  to  fine-grained.  When  compara- 
tively fresh  they  are  difficult  to  distinguish  from  the  later  igneous  intru- 
sives  which  are  believed  to  be  of  Keweenawan  age.  Of  the  many  bodies 
of  igneous  rock  found  in  the  district,  very  few  except  the  schistose  types 
can  be  definitely  classified  with  the  earlier  or  the  later  group.  The  rela- 
tions can  be  determined  only  by  a  careful  study  of  the  shape  of  the  igneous 
rock  masses,  of  the  d^^ree  of  metamorphism  which  they  have  suffered, 
and  of  their  relation  to  the  enclosing  rocks. 

The  form  of  the  masses  of  igneous  rock  associated  with  the  meta- 
morphosed sediments  has  rarely  been  determined  by  the  drilling,  although 
a  few  of  the  masses  have  been  found  to  be  irregularly  interlayered  with 
rocks  of  sedimentary  origin.  Probably  many  of  them  represent  intrusions, 
but  some  have  textures  that  resemble  those  of  extrusive  igneous  rocks. 
In  general,  however,  the  alteration  has  progressed  to  such  an  extent  that 
the  original  character  is  not  determinable  from  the  texture. 

LATER  INTRUSIVE  ROCKS 

Later  intrusive  rocks  which  are  believed  to  be  of  Keweenawan  age 
and  which  have  themselves  suffered  little  or  no  deformation  or  dynamic 
metamorphism,  are  known  to  occur  in  many  parts  of  the  district.  They 
are  practically  all  of  the  type  usually  classed  as  greenstones,  including 
diorite,  diabase,  gabbro,  and  perhaps  even  less  silicic  varieties.  Most  of 
them  are  fine-grained  dark  green  rocks  of  granular  or  ophitic  texture 
such  as  occur  at  the  Barrows  mine.  At  one  or  two  localities,  as  at  the 
Adams  mine,  a  porphyritic  rock  has  been  encotmtered.  Many  of  these 
intrusive  rocks  have  been  altered  so  that  at  present  they  consist  mainly 
of  chlorite  and  decomposed  feldspar.  Some,  however,  are  still  compara- 
tively fresh,  having  suffered  weathering  only  for  a  short  distance  down- 
ward from  the  lower  surface  of  the  glacial  drift. 

The  shape  of  most  of  the  intrusive  bodies  is  not  known,  as  drilling 
has  been  conducted  so  as  to  avoid  them  rather  than  to  outline  them.*" 
Some  are  known  to  be  in  the  form  of  dikes,  others  are  irregular. 


"^ZapStt  Carl,  The  Cuyuna  iron-ore  diitrict  of  Minnesota:  Supplement  to  the  BrtUnerd 
Tritu»0,  Jvly  t,  191 1. 
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The  metamorphic  effect  of  the  intrusions  along  their  contact  with 
the  older  rock  is  in  most  places  clearly  noticeable.  Where  the  igneous 
rocks  have  been  intruded  into  the  original  iron-bearing  rocks^  they  have 
usually  caused  a  recrystallization.  Chert  is  changed  to  quartz,  and  lime, 
magnesia,  and  other  constituents  are  changed  to  amphibole.  The  iron 
oxide  is  in  many  places  altered  to  magnetite.  Thus  typical  magnetitic 
slate  and  amphibole-magnetite  rock  have  been  developed  under  the  action 
of  intrusions.  Whether  or  not  most  of  the  rocks  of  this  type  in  the  district 
have  been  produced  in  this  manner,  or  whether  they  were  more  generally 
formed  during  the  deformation  is  not  known.  Doubtless  the  intrusions 
were  locally  effective,  but  from  present  indications  they  do  not  appear  to 
have  been  sufficiently  wide-spread  to  account  for  much  of  the  meta- 
morphism  over  large  areas. 

LATEB  VOLCANIC  AND  SBDIICENTAKY  ROCKS 

Volcanic  rocks  which  lie  on  the  eroded  surface  of  the  older  rocks  are 
reported  by  Van  Hise  and  Leith*"  to  occur  at  several  localities  a  short 
distance  south  and  southwest  of  Brainerd  and  also  about  six  miles  east 
of  Brainerd.  They  are  said  to  be  silicic  and  to  have  amygdaloidal  texture. 
The  beds  range  up  to  15  or  25  feet  thick  and  seem  to  occupy  depressions 
in  the  underlying  rock  surface.***  These  volcanic  rocks  are  believed  to 
be  of  Keweenawan  age. 

Isolated  patches  of  sediments  lying  in  horizontal  beds  on  the  eroded 
surface  of  the  iron-bearing  rocks,  schist,  and  associated  rocks  have  been 
encountered  in  drilling  and  mining  operations  at  a  number  of  localities 
in  the  Cuyuna  district.  These  rocks  are  believed  to  be  of  Cretaceous  age 
because  of  their  similarity  to  isolated  patches  of  Cretaceous  rocks  in  the 
Mesabi  district  Cretaceous  rock  that  bears  a  similar  relation  to  the 
underlying  metamorphosed  rocks,  also  crops  out  at  several  points  south- 
west of  the  district.  In  the  Cuyuna  district  proper  this  rode  is  a  ferru- 
ginous conglomerate,  consisting  of  small  pebbles  of  iron-bearing  and 
other  rocks  in  a  slaty  matrix.**'  Outside  of  the  district  the  Cretaceous 
beds  consist  mainly  of  sandy  and  calcareous  clay. 

OCCURRENCE  OF  THE  IRON-BEARING  ROCKS  AND  IRON  ORB 
DISTRIBUTION  OF  ISON-BEAXING  BOCKS  AND  ORE 

As  has  been  stated,  seven  or  eight  main  belts  of  iron-bearing  rocks 
trend  approximately  northeast-southwest  through  the  district.  Some  of 
these  are  less  than  a  mile  long,  as,  for  example,  certain  belts  in  the  north 


uiVan  Hise,  C.  R.,  and  Leith,  C.  K.,  The  geology  of  tlie  Lake  Superior  regioa:     U. 
G€oL  Survey  Mon.  sa,  p.  axs.  191 1* 
u«Zapffe,  Carl,  cp,  cit. 
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range  and  in  Morrison  County  at  the  southwest  end  of  the  south  range, 
while  others  as  the  main  south  range  belt  extend  almost  continuously  for 
many  miles. 

The  most  northerly  known  iron-bearing  rocks  in  east  central  Minne- 
sota occur  in  the  r^ion  of  Lake  Emily  in  T.  138N.,  R.  26W.,  about  35 
miles  southwest  of  the  west  end  of  the  Mesabi  district.  The  extent  of 
these  iron-bearing  rocks  is  as  yet  only  imperfectly  known.  Farther  south 
bands  of  low  grade  iron-bearing  rocks  are  found  in  T.  136N.,  R.  26W., 
and  T.  136N.,  R.  25W.t  a  short  distance  north  of  Mississippi  River,  these 
being  the  northeasterly  extensions  of  the  northern  iron-bearing  belts 
in  the  north  range.  Besides  these,  a  few  occurrences  of  iron-bearing  rocks 
are  known  in  the  repon  northwest  of  Aitkin  in  T.  137N.,  R.  25 W. 

The  iron-bearing  belts  which  have  so  far  been  found  to  contain  ore 
bodies  of  commercial  importance  are  practically  confined  to  the  area  south 
and  east  of  Mississippi  River  in  Crow  Wing  County.  However,  some  ore 
bodies  have  been  found  along  the  iron-bearing  belts  in  Morrison  County 
west  of  Mississippi  River,  although  as  yet  no  attempts  have  been  made 
to  develop  them.  The  northerly  iron-bearing  belts  south  of  Mississippi 
River  are  included  in  the  north  range  and  the  southerly  belts  in  the  south 
range. 

The  most  northerly  north  range  iron-bearing  belt  is  only  indefinitely 
known.  Traces  of  it  occur  in  section  25,  T.  47N.,  R.  30W.,  and  thence 
northeastward  in  sections  20  and  22,  T.  47N.,  R.  29W.,  beyond  which  it 
crosses  Mississippi  River,  as  has  been  noted.  No  important  ore  bodies 
have  been  found  along  it. 

The  next  belt  of  iron-bearing  rocks  to  the  south  is  of  considerable  im- 
portance, containing  the  manganiferous  iron-ore  bodies  of  the  Ferro  and 
Algoma  mines  in  sections  32  and  33,  T.  47N.,  R.  29W.,  and  other  im- 
portant ore  bodies  in  sections  28,  22,  27,  and  23,  T.  47N.,  R.  29W.,  the 
latter  in  the  vicinity  of  Island  Lake.  Certain  breaks  occur  in  the  con- 
tinuity of  the  belt,  but  in  general  it  has  been  fairly  well  determined  by 
extensive  exploration.  The  iron-bearing  rocks  appear  to  be  more  or  less 
manganiferous  throughout. 

South  of  this  belt  of  manganiferous  iron-bearing  rock  and  ore,  there 
are  a  ntmiber  of  scattered  occurrences  of  iron-  and  manganese-bearing 
rocks  in  the  region  north  and  west  of  Menomin  Lake  and  southwest  of 
Rabbit  Lake,  such  as  those  in  sections  34  and  35,  T.  47N.,  R.  29W.  The 
relation  between  the  separate  areas  is  not  yet  known.  They  extend  south- 
westward  as  far  as  section  12,  T.  46N.,  R.  30W.  To  the  northeast  of  them, 
south  of  Rabbit  Lake,  is  the  important  iron-bearing  belt  containing  the 
Kennedy  ore  bodies.  The  Kennedy  belt  is  known  from  the  southern 
part  of  section  25,  T.  47N.,  R.  29W.,  as  far  east  as  the  eastern  part  of 
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Rabbit  Lake  where  it  either  dies  out  or  turns  to  the  south  and  doobles 
back  on  itself. 

A  short  distance  south  of  the  eastern  end  of  the  Kennedy  iron-bearing 
belty  is  the  northeastern  end  of  another  belt  of  iron-bearing  rocks  which 
lies  to  the  south.  It  is  uncertain  whether  these  two  belts  are  actually  con- 
nected. Possibly  they  form  the  limbs  of  a  S3mcline.  The  southern  belt 
runs  southwestward  through  the  northwestern  part  of  section  32  and  the 
centers  of  section  31,  T.  47N.,  R.  28W.,  and  section  i,  T.  46N.,  R.  29W., 
into  the  broad  belt  of  iron-  and  manganese^bearing  formation  lying  north 
and  northwest  of  Ironton  and  Crosby  in  sections  2,  11,  and  10,  T.  46N., 
R.  29W.,  which  contain  the  Mahnomen  and  Mangan  No.  2  ore  bodies 
along  the  northern  margin  and  the  Thompson  north  ore  body  and  the 
Armour  No.  i  and  Pennington  ore  bodies  along  the  southern  margin. 
West  of  the  Mahnomen  and  Pennington  mines  the  belt  divides  into  two 
parts  separated  by  a  strip  of  slate  and  schist.  The  northern  part  has  been 
explored  for  only  a  short  distance  southwestward  into  section  9,  while  the 
southern  part  extends  southwestward  through  the  Feigh  property  in  sec- 
tion 10,  and  along  the  north  side  of  Blackhoof  Lake  in  the  southern  part 
of  section  9  where  it  contains  the  Hillcrest  and  other  ore  bodies.  Thence 
it  continues  through  the  northwestern  comer  of  section  16  and  the  north- 
em  part  of  section  17  into  section  18,  T.  46N.,  R.  29W.,  wh«-e  the  Rowe 
mine  is  located.  Here  it  makes  a  synclinal  turn  northward  and  doubles 
back  on  itself  for  a  short  distance.  The  extent  of  the  backward  turn  is 
not  yet  known. 

This  iron-  and  manganese-bearing  belt  is  one  of  the  most  important  in 
the  district.  It  is  known  continuously  over  a  length  of  more  than  8  miles, 
and  along  it  are  some  of  the  most  important  ore  deposits  in  the  district. 
Unlike  the  belts  to  the  north,  this  belt  contains  many  important  iron-ore 
deposits,  but  manganif erous  iron  ores  are  found  in  it  at  various  places  also. 
On  the  north  it  is  separated  along  the  central  portion,  from  the  Cuyuna- 
Mille  Lacs-Sultana  manganiferous  iron-bearing  area  by  a  thin  band  of 
slate  or  schist,  while  on  the  south  another  thin  band  of  schist  separates 
it  from  the  important  Croft-Armour  No.  2  iron-bearing  belt. 

The  Cuyuna-Mille  Lacs-Sultana  manganiferous  iron-bearing  area  is 
in  section  3,  south  and  southeast  of  Menomin  Lake.  It  is  manganiferous 
throughout  and  contains  important  bodies  of  manganiferous  iron  ore. 
It  is  known  to  be  quite  wide  where  the  Sultana  and  Cu3runa-Mille  Lacs 
mines  occur,  but  its  longitudinal  extent  northeast  and  southwest  is  only 
imperfectly  known.  Areas  of  iron-bearing  formation,  however,  occur 
north  and  south  of  Jtme  Lake  in  the  northern  part  of  section  9,  and  these 
may  have  some  connection  with  the  Cuyuna-Mille  Lacs-Sultana  area. 
Other  ore  bodies  occurring  in  the  Cuyuna-Mille  Lacs-Sultana  ore-bearing 
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area  are  those  of  the  Mangan  No.  i  and  the  Hopkins  mines,  the  latter 
containing  both  iron  ore  and  manganiferous  iron  ore. 

The  Croft-Armour  No.  2  belt  has  been  well  explored  to  the  northeast 
as  far  as  section  i,  T.  46N.,  R.  29W.,  where  the  Croft  mine  occurs.  From 
this  point  it  runs  southwestward  through  the  Meacham,  Thompson,  Ar- 
mour No.  2/ and  Ironton  properties  in  section  11,  T.  46N.,  R.  29W.,  and 
continues  a  short  distance  into  the  eastern  part  of  section  10,  where  it 
pinches  out.  The  belt  is  fairly  narrow  throughout  its  length,  but  contains 
important  iron  ore  bodies.  North  of  the  Ironton-Armoiu-  No.  2  ore  body 
and  the  Thompson  south  ore  body  which  occupy  its  central  portion  in 
section  11,  is  a  band  of  green  schist  which  separates  it  from  the  ore  body 
of  the  Pennington  and  Armour  No.  i  mines. 

The  Croft-Armour  No.  2  belt  consists  very  largely  of  iron-bearing 
formation  and  associated  iron  ore,  though  locally,  as  in  the  eastern  part 
of  the  Armour  No.  2  property  and  the  northern  part  of  the  Thompson 
south  ore  body  manganiferous  iron-bearing  formation  and  ore  occur  in 
it.  The  proportion  of  ore  to  iron-bearing  rock  in  the  belt  is  high,  the  ore 
bodies  consisting  largely  of  a  somewhat  siliceous,  hydrated,  brown  to  red 
hematite,  but  in  places  containing  large  masses  of  red,  medium  soft,  high- 
grade  hematite,  some  of  which  is  of  Bessemer  quality.  The  ore-bearing 
belt  is  bounded  on  the  south  mainly  by  green  chloritic  schist  and  red 
hematitic  schist. 

South  of  the  Croft- Armour  No.  2  and  the  Pennington-Rowe  iron- 
bearing  belts,  are  local  occurrences  of  manganiferous  and  non-mangan- 
iferous  iron-bearing  formation  and  ore,  such  as  those  in  sections  19,  17, 
12,  and  I,  T.  46N.,  R.  29W.  These  are  the  southernmost  areas  of  iron- 
bearing  formation  in  the  north  range. 

The  south  range  belts  of  iron-bearing  rocks,  although  narrow,  are 
far  more  extensive  longitudinally  than  the  iron-bearing  belts  of  the  north 
range.  The  most  northeasterly  occurrences  of  south  range  iron-bearing 
rock  are  in  the  Rice  River  region  northeast  of  Aitkin.  From  this  point 
southwestward  as  far  as  Deerwood  a  number  of  areas  of  iron-bearing 
rock  are  known.  They  are  approximately  along  the  same  strike,  but  there 
are  large  unexplored  areas  between  them. 

From  Deerwood  the  south  range  belt  of  iron-bearing  rocks  has 
been  traced  for  about  24  miles  more  or  less  continuously  southwestward 
to  a  point  a  short  distance  southwest  of  Barrows.  Mines  and  exploratory 
shafts  occur  along  it  at  intervals  where  ore  bodies  have  been  found,  the 
Adams  mine  being  located  in  section  30,  T.  46N.,  R.  28W.,  the  Hobart 
Iron  Co.  (of  Pickands,  Mather  and  Company)  shaft  in  section  8,  T.  45N., 
R.  29W.,  the  Wilcox  mine,  near  Woodrow,  in  section  13,  T.  45N.,  R. 
30W.,  the  Adbar  Development  Company  shaft  in  section  22,  T.  45N., 
R.  30W.,  the  Brainerd-Cuytma  mine,  near  Brainerd,  in  section  36,  T.  45N., 
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R.  31W.,  the  Barrows  mine,  near  Barrows,  in  section  10,  T.  44N.,  R. 
3lW^  and  the  Rowley  shaft,  also  near  Barrows,  in  section  i6»  T.  44N., 
R.  31W.  Besides  the  more  or  less  developed  ore  bodies  on  which  mines 
and  exploratory  shafts  are  located,  there  are  ntimerous  other  ore  bodies  of 
importance  at  various  points  along  the  belt,  as  shown  by  drilling. 

Throughout  most  of  its  extent,  the  main  south  range  belt  of  iron- 
bearing  rocks  occurs  as  a  single  band.  There  are,  however,  small  stretches 
containing  two  or  three  parallel  bands.  In  places  these  are  due  to  a  break 
in  a  band  where  the  ends  are  pushed  past  each  other  as  in  a  drag  fold 
or  thrust  fault;  elsewhere  the  repetition  has  probably  resulted  from 
extensive  folding.  There  are  also  numerous  places  along  the  belt  where 
iron-bearing  rode  has  not  yet  been  found,  and  barren  stretches  occur 
which  apparently  break  the  continuity  of  the  iron-bearing  belt.  Future 
exploration  may  result  in  the  discovery  of  iron-bearing  formation  in 
such  areas. 

South  and  southeast  of  Brainerd  and  south  of  Barrows,  a  second  belt 
of  iron-bearing  rock  trends  parallel  to  and  lies  about  i^  miles  south  of 
the  main  south  range  belt.  Ore  bodies  have  been  found  along  it  here  and 
there,  but  it  is  not  yet  thoroughly  explored. 

The  Morrison  Cotmty  belts  of  iron-bearing  rock  are  the  continuations 
of  the  south  range  belts  west  of  Mississippi  River.  Most  of  them  are 
short.  They  lie  approximately  parallel  to  each  other  and  cover  an  ex- 
tensive area  in  which  ore  bodies  have  been  found  at  a  number  of  places. 

Isolated  bands  of  iron-bearing  rock  have  been  found  at  several  locali- 
ties south  of  the  south  range  in  Crow  Wing  County.  Among  the  most 
important  of  these  is  one  which  contains  a  considerable  amount  of  iron 
ore  mixed  with  ferruginous  chert,  in  sections  8  and  9,  T.  45N.,  R.  28W., 
about  halfway  between  Clearwater  Lake  and  Bay  Lake.  Another  isolated 
band  has  been  found  near  Clear  Lake  in  the  southern  part  of  T.  46N., 
R.  2SW.,  and  the  northern  part  of  T.  45N.,  R.  25W.,  in  Aitkin  County. 

The  areas  between  the  different  belts  of  iron-bearing  rock  have  been 
only  very  imperfectly  explored.  Practically  wherever  drilling  has  been 
done,  however,  some  variety  of  schist  or  slate  has  been  encountered,  such 
as  chloritic,  amphibolitic,  sericitic,  quartzose,  and  graphitic  or  carbona- 
ceous schist,  or  slate.  Green  and  gray  micaceous  and  chloritic  schist  appear 
to  be  by  far  the  most  abundant.  Locally  quartzite  has  been  encountered, 
but  usually  it  is  in  small  amounts,  occurring  apparently  in  local  lenses. 
Elsewhere  considerable  areas  of  subsilicic  igneous  rocks  have  been  found. 

It  is  not  impossible  that  as  exploration  work  progresses  other  areas 
of  iron-bearing  rock  and  ore  may  be  encountered  between  the  belts  now 
known.  Drillii^  has  up  to  the  present  been  confined  largely  to  areas 
showing  abnormal  magnetic  attraction.  Nevertheless  iron-bearing  rock 
and  ore  have  been  found  in  several  places  where  no  marked  abnormal 
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magnetic  attraction  existed.  It  seems  possible  that  as  the  drilling  work 
is  extended  over  larger  areas,  iron-bearing  rock  may  be  found  where  it 
is  hitherto  unsuspected. 

The  iron-ore  bodies  are  found  at  intervals  along  the  belts  of  iron- 
bearing  rock.  In  some  belts  they  are  very  abundant,  while  in  other  belts 
they  are  almost  absent.  Even  along  single  belts  of  iron-bearing  rock 
they  are  more  or  less  grouped  in  certain  parts  with  stretches  of  barren 
iron-bearing  rock  between.  Thus  along  the  Armour  No.  2-Thompson 
belts,  ore  is  almost  continuous,  while  in  the  Armour  No.  i -Pennington 
belt  important  ore  bodies  are  grouped  together  in  some  parts,  and  else- 
where they  are  almost  wanting.  Other  belts,  as  the  main  south  range 
belt,  have  ore  bodies  scattered  along  them  at  irregular  intervals  with  bar- 
ren areas  consisting  of  ferruginous  chert,  ferruginous  slate,  amphibole- 
magnetite  rock,  or  magnetitic  slate  between. 

OCCURRENCE  AND  CHARACTER  OF  ORE 

As  already  stated,  the  iron-bearing  beds  are  composed  of  a  number 
of  different  kinds  of  rocks.  The  different  varieties  vary  in  abundance  in 
different  parts  of  the  district,  as  well  as  in  different  parts  of  the  same  belt. 
The  most  abundant  and  most  generally  distributed  of  the  iron-bearing 
rocks  is  the  ferruginous  chert,  and  it  is  with  this  rock  that  the  iron  ore 
is  commonly  associated.  Ferruginous  slate  also  is  abundant,  but  is  not 
as  commonly  associated  with  iron  ore.  Along  the  manganiferous  iron-bear- 
ing belts,  however,  manganiferous  iron  ore  bodies  are  frequently  found  in 
ferrug^ous  slate  as  disseminated  masses  and  irregular  impregnations. 
The  mining  development  in  the  district  is  not  as  yet  sufficiently  advanced 
to  g^ive  more  than  a  general  idea  of  the  occurrence  of  the  other  phases 
of  the  iron-bearing  rock  such  as  the  cherty  or  argillaceous  iron  carbonate 
rock  and  amphibole-magnetite  rock.  Iron  carbonate  rock  is  usually  found 
at  a  greater  or  less  depth  below  other  iron-bearing  rocks,  while  amphibole- 
magnetite  rock  occurs  where  metamorphism  of  the  original  iron-bearing 
rock  has  taken  place.  Amphibole-magnetite  rock  is  frequently  associated 
with  ore,  and  there  is  good  evidence  that  certain  types  of  iron  ore  are 
closely  related  with  it  in  origin. 

The  ferruginous  chert  occurring  in  the  Cuyuna  district  is  very  similar 
to  that  found  in  most  of  the  other  Lake  Superior  iron-ore  districts  ex- 
cept the  Mesabi.  In  all  the  Michigan  and  Wisconsin  districts  the  com- 
mon rock  composing  the  irourbearing  formation  is  a  more  or  less  rtgu- 
larly  banded  ferruginous  chert,  believed  by  Van  Hise  and  Leith***  to 
have  been  derived  by  alteration  from  an  original  cherty  iron  carbonate 
rock.    In  the  Mesabi  district  the  ferruginous  chert  is  largely  of  the  type 


^  Vm  HIw,  C  R.,  Mid  Leith,  C.  K.,  op,  cii„  pp.  499-s6o. 
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known  as  taconite,  a  rather  massive,  bedded  cherty  rock  irregularly 
speckled  with  iron  oxide  which  is  believed  to  have  resulted  from  the 
oxidation  of  the  ferrous  silicate  rock,  greenalite  rock.  No  taconite  has 
been  found  in  the  Cuyuna  district,  nor  has  any  greenalite  been  encoun- 
tered. It  is,  therefore,  believed  that  here  as  in  most  of  the  other  dis- 
tricts, the  original  rock  from  which  the  present  hematitic  and  limonitic 
chert  and  iron  ore  have  in  large  part  been  derived  is  a  banded  cherty  fer- 
rous carbonate  rock. 

It  is  not  the  object  in  this  paper  to  present  a  discussion  on  the  origin 
of  the  iron-bearing  rocks  and  ores.  This  is  reserved  for  the  final  report 
for  which  more  detailed  information  is  being  gathered.  In  view  of  a 
recent  tendency,  however,  to  question  the  hypothesis  of  geologists 
expressed  in  earlier  reports  that  most  of  the  iron-bearing  formations  of 
the  Lake  Superior  region  were  deposited  originally  as  ferrous  carbonate 
or  silicate,  and  to  supplant  it  by  the  hypothesis  that  the  iron  was  de- 
posited in  the  ferric  form  originally,  it  may  be  interesting  to  mention 
some  occurrences  in  the  Cuyuna  district  which  have  a  bearing  on  this 
subject. 

Leaving  out  of  consideration  the  source  of  the  iron,  it  may  be  briefly 
stated  that  the  older  hypothesis  supposes  the  iron  to  have  been  deposited 
from  the  original  solutions  largely  under  reducing  conditions  as  ferrous 
carbonate  or  ferrous  silicate  in  association  with  colloidal  silica  or  with 
argillaceous  material.  Locally  and  at  certain  stages  in  the  deposition, 
ferric  oxide  also  was  probably  precipitated,  either  in  a  relatively  pure 
form  or  along  with  colloidal  silica  or  argillaceous  material.  However, 
the  ferric  oxide  deposition  is  believed  to  be  of  relatively  minor  importance. 
Eventually  these  sediments  were  raised  into  the  belt  of  weathering  and 
were  transformed  by  surface  agencies  into  their  present  condition.  The 
ferrous  carbonate  and  ferrous  silicate  rocks  were  oxidized  to  ferruginous 
chert  and  ferruginous  slate,  and  the  ferruginous  chert  by  the  leaching 
of  silica  was  altered  to  iron  ore.  Dynamic  metamorphism  previous  to 
oxidation  in  some  localities  resulted  in  the  alteration  of  the  ferrous  car- 
bonate or  ferrous  silicate  to  amphibole-magnetite  rock,  and  the  latter  also 
was  locally  in  part  altered  to  ore  by  weathering  processes  where  the 
previous  metamorphism  was  not  very  intense. 

The  other  hypothesis  differs  from  this  in  that  the  iron  is  supposed 
to  have  been  deposited  largely  as  ferric  hydroxide,  locally  in  a  compara- 
tively pure  form,  but  more  generally  along  with  impurities  such  as  col- 
loidal silica  or  clay.  In  places  the  presence  of  carbonaceous  matter  or 
other  deoxidizing  agents  probably  resulted  in  a  partial  deoxidation  of 
the  ferric  hydroxide  and  the  formation  of  local  masses  of  ferrous  sedi- 
ments. Upon  metamorphism,  these  materials  were  consolidated  and  in 
part  dehydrated,  forming  the  present  ferruginous  chert  and  slate  with 
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local  original  lenses  of  ore  and  bodies  of  ferrous  carbonate  or  ferrous 
silicate.  Later  weathering  and  erosion  processes  resulted  in  the  forma- 
tion of  additional  iron  ore  by  the  leaching  of  silica  from  the  ferruginous 
chert,  and  also  in  the  oxidation  of  some  of  the  ferrous  carbonate  and 
ferrous  silicate  originally  present. 

The  main  diflference  between  the  two  hypotheses  is  that  according  to 
the  older  one  most  of  the  iron-bearing  rock  was  at  one  time  largely  in  the 
ferrous  state,  while  according  to  the  later  one  small  masses  of  ferrous 
sediments  were  only  locally  formed  due  to  the  presence  in  places  of 
deoxidizing  agents. 

The  evidence  afforded  by  the  Cuyuna  district  on  this  question  is  largely 
in  favor  of  the  older  view.  In  the  exploratory  drill  work,  ferrous  car- 
bonate was  encountered  below  a  surface  capping  of  ferruginous  chert 
and  iron  ore,  in  many  parts  of  the  district,  while  more  recently  in  some 
of  the  mining  operations  ferrous  carbonate  with  associated  amphibole- 
magnetite  rock  and  magnetitic  slate  has  been  encountered  in  the  lower 
levels  directly  continuous  along  the  bedding  with  the  ore  and  ferruginous 
chert  of  the  upper  levels.  In  general,  the  gradation  from  ore  at  the  sur- 
face through  lean  ferruginous  chert  into  ferrous  rocks  below  is  perhaps 
more  typically  illustrated  in  parts  of  the  Cuyuna  district  than  in  any  of 
the  other  Lake  Superior  iron-ore  districts. 

The  ferrous  carbonate  rock  of  this  district,  however,  differs  from  the 
typical  cherty  iron  carbonate  rock  which  has  been  described  from  other 
districts.  A  number  of  different  phases  occur,  some  cherty,  some  argil- 
laceous, and  others  containing  amphibole  and  magnetite.  Apparently 
various  gradations  occur  between  ferrous  carbonate  rock  and  amphibole- 
magnetite  rock.  Their  general  character  and  lithology  have  already  been 
described.  Their  occurrence  is  usually  irregular.  While  occasionally 
magnetitic  slate  and  amphibole-magnetite  rock  are  found  practically  at 
bed  rock  surface,  more  generally  they,  as  well  as  the  ferrous  carbonate 
rock,  are  found  at  some  depth.  In  places,  ferrous  carbonate  rock  is  also 
found  as  masses  within  the  oxidized  iron-bearing  rocks. 

The  drilling  has  not  yet  been  deep  enough  or  thorough  enough  to 
give  any  indication  of  the  average  depth  at  which  ferrous  rocks  are  en- 
cotmtered  below  the  oxidized  iron-bearing  formation  phases.  At  the 
Kennedy  mine,  ferrous  carbonate  rock  is  abundant  on  the  262  foot  level, 
while  in  some  other  parts  of  the  district  drilling  has  shown  ferruginous 
chert  continuing  to  a  depth  of  800  feet  or  more.  The  depth  of  oxidation 
is  dependent  both  on  the  original  nature  of  the  material  and  on  various 
structural  conditions  such  as  fracturing,  folding,  and  faulting. 

The  average  depth  to  which  the  Cuyima  ore  bodies  may  be  expected 
to  extend  is  also  a  doubtful  question.  It  is  possible  that  locally  beds  of 
ferruginous  chert  or  ore  occur  which  were  originally  deposited  as  such. 


Digitized  by  VjOOQIC 


132  GEOLOGY  OF  EAST  CENTRAL  MINNESOTA 

and  these  may  extend  to  great  depths  without  much  change  in  their  diar- 
acter.  On  the  other  hand,  where  the  ferruginous  chert  was  undoubtedly 
formed  by  the  oxidation  of  original  ferrous  sediments  and  the  ore  has 
resulted  from  the  leaching  of  silica  from  lean  iron-bearing  rock,  the  de- 
posits do  not  extend  to  great  depths,  except  perhaps  in  a  few  Instances 
where  exceptionally  favorable  structures  occur  for  secondary  concen- 
tration. 

The  Cuyuna  iron-ore  bodies  are  as  a  rule  roughly  tabular  in  shape, 
the  longer  axes  being  parallel  to  the  bedding  of  the  enclosing  rocks.  As 
the  beds  usually  dip  steeply,  the  ore  bodies  are  shown  at  the  surface  as 
bands  that  extend  for  considerable  distances  along  the  strike  of  the  beds. 
They  vary  in  width  up  to  several  hundred  feet,  and  some  of  the  known 
ore  bodies  are  more  than  a  mile  long.  Their  behavior  with  depth 
varies.  Some  are  comparatively  shallow,  extending  perhaps  to  a 
depth  of  lOO  or  200  feet  below  bed  rock  surface,  where  they 
give  way  to  ferruginous  chert,  amphibole-magnetite  rock,  or  unaltered 
iron-bearing  rock.  Others  extend  to  greater  depths,  either  continuing 
directly  downward  along  the  bedding,  or  running  diagonally  downward 
parallel  to  the  strike  in  the  form  of  shoots.  The  data  regarding  the 
depths  reached  by  the  ore  bodies  is  still  very  incomplete.  The  deepest 
mining  operations  at  present  extend  to  a  depth  of  about  280  feet  below 
the  base  of  the  glacial  drift,  and  to  this  depth  ore  is  known  to  continue 
uninterruptedly.  The  exploratory  drill  work  in  the  district  has  for  the 
most  part  been  shallow,  few  holes  occurring  which  reach  a  depth  greater 
than  700  feet.  Ore,  however,  has  been  encountered  in  some  of  the  deeper 
holes,  and  it  is  suspected  that  some  ore  bodies  may  reach  a  considerable 
depth. 

The  ore  bodies  are  usually  enclosed  between  walls  of  ferruginous 
chert,  ferruginous  slate,  or  other  iron-bearing  rocks.  Where  ferruginous 
chert  forms  the  wall  rock,  the  contact  is  usually  very  irr^^ar.  Beds 
and  irregular  horses  of  ferruginous  slate  and  chert  are  of  frequent  oc- 
currence in  the  ore  bodies.  Green  chloritic  schist  and  dark  red  hematitic 
schist  are  also  common  associates  of  the  iron  ore.  They  may  form  tlie 
wall  rock  of  the  ore  bodies,  or  they  may  occur  interlayered  with  the  ore, 
more  or  less  parallel  to  the  bedding.  Other  rocks  associated  with  the 
ore  bodies  are  amphibole-magnetite  rock,  magnetitic  slate,  ferrous  car- 
bonate rock,  green  and  gray  sericitic  and  siliceous  slates,  and  black  car- 
bonaceous slate.  These  are  especially  common  along  the  south  range, 
where  they  form  the  wall  rocks  in  many  places.  In  the  north  range,  the 
ferrous  rocks  in  places  occur  underneath  ore  bodies  representing  the 
unaltered  portions  of  the  iron-bearing  formation. 

Most  of  the  iron  ore  occurring  in  the  ore  bodies  of  the  Cuyuna  dis- 
trict is  soft,  but  hard  ore  is  also  abundant  both  in  the  north  and  south 
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ranges,  and  is  more  or  less  irregularly  associated  with  the  soft  ore.  The 
Cuyuna  ore  probably  shows  a  greater  variety  of  texture,  composition,  and 
color  than  the  ore  from  any  of  the  other  Lake  Superior  iron-ore  districts. 
It  shows  all  stages  of  hydration  from  pure  reddish  blue  hematite  to 
ocherous,  yellow  limonite,  and  both  argillaceous  and  siliceous  phases  are 
common.  On  the  north  range  the  ores  vary  from  dark  reddish  blue,  high- 
grade  hematite,  to  reddish  and  yellowish  brown  siliceous  or  argillaceous 
hematite  and  limonite,  while  siliceous  and  argillaceous  black,  red,  and 
brown  manganiferous  iron  ore  is  common.  Locally  wash  ore  is  asso- 
ciated with  the  other  ores.  In  the  south  range,  the  typical  ores  are  red- 
dish brown  hydrous  hematite,  dark  brown  to  black  limonite,  and  yellow, 
ocherous  limonite. 

The  richest  ore  that  has  been  found  in  the  district  is  a  medium  soft, 
reddish  blue  hematite  which  occurs  at  the  Croft  mine  and  locally  in  the 
Armour  No.  i,  Armour  No.  2,  Ironton,  and  Pennington  mines  in  the 
north  range.  Much  of  this  ore,  especially  that  at  the  Croft  mine,  is  of 
Bessemer  quality,  samples  from  the  latter  deposit  analyzing  as  high  as 
67  to  68  per  cent  metallic  iron  and  as  low  as  .01  to  .03  per  cent  phos- 
phorus. While  ore  of  this  grade  is,  of  course,  exceptional,  a  large  part 
of  the  Croft  ore  body  consists  of  ore  of  Bessemer  quality  and  will  be 
mined  as  such.  In  the  other  mines  no  attempt  is  made  to  mine  the  Bes- 
semer ore  separately.  In  the  Armour  No.  2  and  Ironton  mines,  much  of 
this  type  of  ore  is  finely  crystalline. 

The  most  common  ore  in  the  north  range  is  a  soft  to  medium  hard, 
brown  to  reddish  or  bluish  brown,  hydrated  hematite  and  limonite.  This 
ore  is  locally  highly  siliceous,  and  grades  with  increasing  silica  into  fer- 
ruginous chert  and  wash  ore.  Much  of  it  also  is  somewhat  argillaceous. 
Ore  of  this  type  is  fotmd  at  the  Kennedy,  Thompson,  Armour  No.  i. 
Armour  No.  2,  Pennington,  and  Rowe  mines.  It  usually  occurs  in  some- 
what irregular,  lenticular  bodies  of  different  sizes  which  are  enclosed  in 
or  associated  with  hematitic  and  limonitic  chert  and  slate.  Often  ferru- 
ginous chert  is  interbedded  with  the  ore,  or  occurs  in  the  ore  bodies  as 
irregular  masses.  The  character  of  the  ore  varies  somewhat  with  the 
nature  of  the  enclosing  rock.  Where  the  wall  rock  is  mainly  hematitic  slate, 
as  is  the  case  in  some  of  the  deposits  in  the  noi^h  range,  the  ore  is  soft, 
dark  red  or  bluish  red,  and  usually  somewhat  argillaceous.  On  the  other 
hand,  where  ore  is  enclosed  in  ferruginous  chert  it  is  medium  hard,  some- 
what siliceous,  and  generally  much  fractured,  so  that  it  breaks  into  small 
blocks.  Such  ore  usually  ranges  in  grade  from  58  or  60  per  cent  metallic 
iron  downward,  depending  upon  the  amoimt  of  silica  or  alumina  present 
The  phosphorus  ranges  from  .05  per  cent  up,  and  is  frequently  as  high 
as  4  or  .5  per  cent.    It  is  generally  above  .1  per  cent. 
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Another  variety  of  ore  found  in  the  north  range  is  the  finely  lami- 
nated, brownish  yellow  limonite  of  the  Mahnomen  open  pit.  This  ore» 
while  usually  relatively  low  in  silica,  is  more  hydrated  than  the  other 
north  range  ores.  The  yellow  ocherous  limonite  ore  also  is  common  in 
the  south  range,  where  its  occurrence  is  similar  to  that  of  the  black 
limonite  ore.  Usually  it  is  soft  and  friable.  While  occasionally  argil- 
laceous, as  a  rule  it  is  quite  pure,  and  ranges,  up  to  56  or  57  per  cent 
in  metallic  iron,  which  is  nearly  the  theoretical  limit  for  limonite.  Com- 
bined moisture  in  the  yellow  ocherous  ore  may  nm  as  high  as  14  or  15 
per  cent. 

The  so-called  wash  ore  of  the  Cuytma  district  has  attracted  con- 
siderable attention,  and  two  washing  plants  have  been  erected  to  treat 
it.  This  ore  is  simply  disintegrated  ferruginous  chert  in  which  the  chert 
is  in  the  form  of  extremely  fine  sand,  and  can  readily  be  washed  out, 
leaving  the  iron  oxide  particles  behind.  The  metallic  iron  content  of  the 
ore  may  be  increased  in  this  manner  from  8  to  12  per  cent. 

The  soft  black  limonite  ore  is  common  on  the  south  range,  but  is  rare 
on  the  north  range.  It  is  generally  associated  with  amphibole-magnetite 
rock  and  magnetitic  slate.  As  a  rule  it  contains  considerable  carbonate 
and  is  slightly  magnetic,  owing  to  disseminated  particles  of  magnetite 
which  occur  in  it  as  well  as  in  other  south  range  ores.  This  magnetite  is 
probably  residual  from  original  magnetite-bearing  rock  which  has  been 
altered  to  ore  by  the  leaching  of  soluble  constituents. 

Manganese  ore  and  manganif  erous  iron  ore  are  common  in  the  north 
range,  especially  in  the  northern  part.  All  gradations  occur,  from  an 
almost  pure  manganese  ore  with  only  a  few  per  cent  of  iron,  to  iron  ore 
with  less  than  one  per  cent  of  manganese.  The  distribution  of  the  dif- 
ferent grades  of  ore  is  very  irregular.  Nodules  and  small  bodies  of  high- 
grade  manganese  ore  usually  occur  scattered  through  low-grade  man- 
ganiferous  iron  ore  or  manganiferous  iron-bearing  rock.  They  are  too 
small  to  be  mined  separately  but  are  mixed  with  the  manganiferous  iron 
ore.  A  number  of  manganese  minerals  occur  in  these  deposits,  diief 
among  which  are  manganite,  pyrolusite,  and  wad.  Any  of  these  minerals 
may  compose  the  nodules  or  bodies  of  manganese  ore.  Often  two  or 
more  of  them  are  associated  in  the  same  body. 

The  manganiferous  iron  ore  is  usually  black,  dark  red,  or  dark  brown. 
It  occurs  in  irregular  large  or  small  bodies  in  ferruginous  chert  or  fer- 
ruginous slate  which  may  or  may  not  be  manganiferous.  In  places,  the 
manganese-bearing  portions  of  the  iron-bearing  rocks  follow  distinct 
zones  more  or  less  parallel  to  the  bedding.  The  manganese  content  of 
the  ore  bodies  varies  greatly  from  place  to  place.  The  percentage  of 
manganese  commonly  ranges  from  i  or  2  per  cent  to  30  or  35  per  cent. 
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Usually  a  decrease  in  the  percentage  of  metallic  manganese  is  accom- 
panied by  an  increase  in  the  percentage  of  iron,  the  combined  percentage 
of  iron  and  manganese  generally  being  fairly  constant.  As  the  combined 
percentage  of  iron  and  manganese  decreases,  silica  and  alumina  increase 
and  the  material  becomes  manganiferous  iron-bearing  formation.  Man- 
ganiferous  iron  ore  may  be  soft  or  hard.  Some  forms  are  dense  and 
massive,  while  others  are  friable.  It  is  uncertain  which  of  the  manganese 
minerals  is  associated  with  the  hematite  or  limonite  in  the  manganiferous 
iron  ore.  Possibly  all  the  various  manganese  oxides  are  present  in  dif- 
ferent phases  of  the  ore,  but  it  is  probable  that  manganite  predominates 
in  the  hard  ore  and  pyrolusite  and  wad  in  the  soft  ore. 

Iron-bearing  rocks  in  which  manganese  ore  and  manganiferous  iron 
ore  occur  in  small  and  large  bodies,  are  argillaceous  or  siliceous.  Phases 
of  it  are  very  low  in  manganese,  being  simply  ferruginous  chert  or  fer- 
ruginous slate,  while  other  phases  are  irregularly  impregnated  with  small 
quantities  of  manganese  oxide  throughout,  being  a  manganiferous  iron- 
bearing  rock.  The  bodies  of  manganese  and  manganiferous  iron  ore  are 
found  scattered  irregularly  through  these  manganese-bearing  zones  and 
differ  in  richness  in  different  parts.  As  already  mentioned  the  man- 
ganiferous iron-bearing  rock  commonly  occupies  more  or  less  definite 
stratigraphic  zones  of  varying  width  and  length  in  the  iron-bearing 
formation. 

The  distribution  of  the  manganiferous  iron-bearing  rocks  in  the 
Cuyuna  district  is  somewhat  irregular,  although  in  general  the  more 
northerly  iron-bearing  belts  are  richer  in  manganese.  The  south  range 
thus  far  has  not  shown  the  presence  of  much  manganiferous  material. 
Some  iron^bearing  belts  as  those  on  which  the  Armour  No.  i.  Armour 
No.  2,  and  Thompson  mines  are  situated,  have  manganiferous  iron-bearing 
rock  on  the  foot  wall  while  other  belts  such  as  that  on  which  the  Mah- 
nomen open  pit  is  located  contain  manganiferous  material  in  the  hanging 
wall.  In  still  other  localities  manganiferous  iron-bearing  rock  and  ore 
may  be  interbedded  with  iron-bearing  beds.  Thus  there  are  all  variations 
in  the  occurrence  of  the  manganiferous  material. 

GEOLOGY  OF  THE  PRINCIPAL  MINES 
NORTH  RANGE  MINES" 

FERRO  MINE 

The  Ferro  mine  of  the  Onahman  Iron  Company,  is  situated  in  the 
SE54  of  NE54,  section  32,  T.  47N.,  R.  29W.,  the  shaft  being  in  the 
foot-wall  of  the  ore  body  which  cuts  in  a  northeast-southwest  direction 


**A  few  field  notei  made  by  H.  G.  Ferguaoa  of  the  United  Stetei  Geological  Surrey  In 
July,  191 7,  bATe  been  inserted  in  the  following  descri]»tionf,  where  indicated. 
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across  the  southeast  corner  of  the  40-acre  tract,  dipping  steeply  to  the 
southeast.    The  property  also  includes  several  adjoining  40-acre  tracts. 

The  ore  body  in  which  the  Ferro  mine  is  located  is  near  the  south- 
western end  of  a  belt  of  manganif erous  iron  ore  and  manganiferous  iron- 
bearing  formation  which  extends  from  the  southern  part  of  section  32, 
T.  47N.»  R.  29W.,  northeastward  through  sections  33,  28,  27,  22,  and  23 
to  about  the  center  of  section  24,  T.  47N.,  R.  29W.  In  general  the  iron- 
bearing  belt  is  of  varying  width,  and  is  bounded  on  both  sides  by  schist 
or  slate,  the  nature  of  which  varies  at  different  places  along  the  belt.  The 
iron-bearing  rock  itself,  where  affected  by  surface  weathering,  consists 
mainly  of  ferruginous  chert  or  manganiferous  ferruginous  chert  with 
which  is  associated  ferruginous  slate,  manganiferous  iron  ore  and  iron 
ore.  With  depth,  much  laminated  dark  green  siliceous  rock  is  encoun- 
tered which  contains  ferrous  silicates  and  carbonate  mixed  with  chert. 

The  Ferro  mine  has  a  timber  shaft  157  feet  deep.  The  main  hauling 
level  is  at  149  feet,  and  the  working  level  from  which  ore  is  at  present 
being  mined  is  about  75  feet  deep  (summer,  1917).  The  workings  are  all 
in  iron-bearing  rock  and  ore,  no  schist  having  as  yet  been  encountered. 
The  bottom  of  the  shaft  is  in  laminated,  greenish  black  iron-bearing  forma- 
tion which  probably  consists  of  a  mixture  of  ferrous  carbonate  and  sili- 
cates and  chert,  the  so-called  foot-wall  of  the  ore  body.  A  cross-cut  to  the 
southwest  passes  from  this  rock  through  the  ore  body  and  into  dense 
black  ferruginous  chert,  which  forms  the  hanging  wall.  The  glacial  drift 
overlying  the  ore  body  is  from  55  to  60  feet  thick. 

The  dip  of  the  bedding  of  the  iron-bearing  rocks  is  from  about  65^ 
southeast  to  vertical,  and  this  is  also  the  range  in  dip  of  the  ore  body. 
The  latter  occupies  a  certain  zone  in  the  iron-bearing  beds,  and  appar- 
ently represents  a  replacement  of  the  original  rock  along  this  zone  by 
oxides  of  manganese  and  iron,  chiefly  manganese.  This  is  well  shown 
by  the  fact  that  the  ore  occurs  along  joints  and  minor  cracks,  and 
penetrates  from  these  for  varying  distances  into  the  mass  of  the  rock. 
Many  little  rectangular  blocks  of  ore  are  found  which,  on  being  broken, 
present  an  interior  of  decomposed  or  partially  replaced  rock.  The  nature 
of  the  original  rock  is  not  known.  The  character  of  the  rock  bounding 
the  ore  body  leads  one  to  suppose  that  it  probably  consisted  largely  of 
chert,  ferrous  carbonate,  and  ferrous  silicate  with  perhaps  considerable 
manganese  carbonate  and  silicate.  The  decomposed  residue,  which  at 
present  acts  as  a  sort  of  matrix  in  which  the  ore  is  embedded  and  in 
which  it  forms  replacements,  is  a  dark  red,  siliceous  material  rich  in  iron 
and  usually  soft  and  porous.  Associated  with  the  ore  are  certain  layers 
of  epidote  rock,  the  relations  of  which  are  not  yet  known. 

The  grade  of  the  ore  is  variable.  Masses  of  rich,  finely  crystalline 
pyrolusite  occur  locally,   while  elsewhere  mixed  manganese  and  iron 
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oxides  are  found.  The  matrix  of  dark  red  material  in  which  the  ore 
occurs  can  not  be  separated  from  it  in  mining,  so  that  the  ore  as  shipped 
ranges  between  20  and  30  per  cent  in  metallic  manganese  and  about  the 
same  in  iron.  It  is  one  of  the  best  grades  of  manganiferous  iron  ore 
shipped  from  the  Cuyuna  district  at  the  present  time. 

The  following  is  the  average  cargo  analysis  of  ore  shipped  from  the 
Ferro  mine  during  the  season  I9i6.*** 

Average  Cargo  Analysis  of  Ore  Dried  at  212"*  F.  from  the  Ferro  Mine 

Fc  P  SiO,  Mn  A1,0, 

Per   cent 29^  .075  17.56  22.29  1-47 

JOAN  NO.  3"* 

This  is  a  new  shaft  mine,  operated  by  the  Joan  Mining  Company, 
situated  in  the  NEJ4  of  SE>4  of  section  32,  T.  47N.,  R.  29W.,  about  500 
feet  west-southwest  of  the  Ferro  mine,  and  apparently  on  the  same  ore 
body.  Ore  is  at  a  depth  of  95  feet.  The  strike  is  southwest  and  the 
dip  is  steep  toward  the  north  and  vertical  in  places.  Ferruginous  slate, 
carrying  a  little  carbonate,  occurs  on  the  south  wall,  and  changes  to 
limonitic  material  with  bands  of  chert  near  the  ore.  The  limonitic  ore 
(partly  replaced  by  manganese)  is  said  to  have  a  higher  phosphorus  con- 
tent than  the  more  completely  replaced  black  ore. 

ALGOMA  MINE 

The  Algoma  mine  of  the  Algoma  Mining  Company,  is  about  one  half 
mile  northeast  of  the  Ferro  mine  in  the  NEJ4  of  NWJ4  of  section  33, 
T.  47N.,  R.  29W,  It  is  located  on  the  same  general  iron-bearing  belt 
as  the  latter,  although  there  is  apparently  a  slight  break  in  it  between  the 
two  properties. 

The  main  hoisting  shaft  is  a  lath  shaft,  which  penetrates  about  60 
feet  of  surface  and  about  100  feet  of  bed  rock,  while  the  timber  shaft 
is  about  the  same  depth.  The  principal  hauling  level  is  no  feet  deep,  and 
the  main  present  working  level  is  at  about  80  feet  (summer,  1917).  There 
are  several  sublevels.  As  in  the  Ferro  mine,  all  the  workings  are  in  iron- 
bearing  rock  and  ore,  no  schist  or  slate  having  been  encountered.  The 
shaft  is  in  the  foot-wall  rock,  northwest  of  the  ore  body. 

The  ore  at  the  Algoma  mine  does  not  occur  in  a  compact  body,  as 
that  at  the  Ferro  mine,  but  is  found  along  four  or  five  zones  in  the  iron- 
bearing  formation,  running  parallel  to  the  bedding  of  the  latter.  The 
zones  are  separated  by  ferruginous  chert  which  in  some  places  is  hard 
and  siliceous,  and  elsewhere  medium  soft  and  decomposed.  Along  cer- 
tain layers  it  is  highly  manganiferous,  while  elsewhere  it  contains  only 

i^Laloe  Superior  Iron  Ore  Association,  Analysis  of  Lake  Superior  iron  ores,  season  19 16, 
p.  9f  19x7. 
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a  trace  of  manganese.  The  ore  zones  vary  in  width  from  a  few  feet  to 
20  feet  or  more.  Some  of  them  are  continuous  for  a  considerable  dis- 
tance along  the  strike. 

The  material  varies  in  character  in  the  different  ore  zones,  as  well  as 
in  different  parts  of  the  same  zone.  One  zone  consists  mainly  of  odier- 
ous,  brown  iron  ore,  speckled  and  blotched  with  impr^nations  of  man- 
ganese ore.  Others  consist  of  uniformly  black  manganiferous  iron  ore, 
at  some  places  soft  and  at  others  hard  and  siliceous.  At  one  point  a 
zone  of  manganiferous  iron  ore  passes  into  high-grade  iron  ore  along 
the  strike.  Thus  there  is  considerable  variation  in  the  character  as  weU 
as  in  the  composition  of  the  ore,  and  in  order  to  maintain!  a  uniform 
product,  the  ore  from  the  different  zones  is  mixed  in  mining. 

The  general  strike  of  the  ore-bearing  beds  is^  perhaps  a  little  more 
nearly  north  and  south  than  at  the  Ferro  mine.  The  dip  is  steeply  south- 
east. Northeast  of  the  Algoma  mine  the  iron-bearing  belt  continues 
across  the  SE54  of  section  28,  where  considerable  drilling  has 
been  done,  and  where  the  MacKenzie  mine  is  now  beii^  opened  up. 
At  this  point  the  belt  is  wide  and  consists  mainly  of  ferruginous  chert, 
much  of  which  is  manganiferous  and  locally  contains  ore.  To  the  north- 
west of  it,  green  and  gray  schist  have  been  encountered  in  drilling,  and  - 
it  seems  probable  that  these  rocks  also  bound  the  iron-bearing  belt  to 
the  northwest  in  the  Algoma  and  Ferro  mines.  Northeast  of  section  28, 
the  belt  has  been  explored  along  the  line  between  sections  27  and  22,  and 
also  in  section  23,  south  of  Island  Lake.  At  both  of  these  localities  it 
consists  mainly  of  manganiferous  iron  ore  and  manganiferous  iron-bearing 
rock.  South  of  Island  Lake,  the  belt  is  narrow  and  is  highly  manganifer- 
ous. It  is  bounded  on  the  north  by  gray  schist  and  on  the  south  by  gray 
schist  and  graphitic  slate. 

The  Algoma-Ferro  iron-bearing  belt,  although  varying  in  character  in 
different  parts,  is  distinctly  manganiferous  throughout  its  known  extent. 
It  varies  greatly  in  width.  At  some  places  it  is  very  narrow ;  in  others 
it  is  1,000  feet  or  more  wide.  It  has  a  fairly  uniform  steep  dip  to  the 
southeast  or  south.  Its  extent  to  the  northeast  and  southwest  beyond 
the  present  known  limits  is  not  yet  thoroughly  explored.  Small  areas  of 
iron-bearing  formation,  however,  are  known  at  several  localities  beyond 
both  ends. 

The  following  is  the  average  cargo  analysis  of  ore  shipped  from  the 
Algoma  (Hoch)  mine  during  the  season  of  1916.*^* 

Average  Cargo  Analysis  of  Ore  Dried  at  212^  F.  from  the  Algoma  iitme 

Fe  P  SiO,  Mn  Al,0. 

Per  cent 32.26  .090  16.47  19-50  2-43 


^Lalce  Superior  Iron  Ore  Anociation,  op.  cU.,  p.  p. 
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ROWE  MINE 

The  Rowe  mine,  operated  by  the  Pittsburgh  Steel  Ore  Company,  is 
located  in  the  Nj^  of  SEJ4  of  section  18,  T.  46N.,  R.  29W.,  on  Little 
Rabbit  Lake  near  Riverton,  at  the  western  end  of  the  north  range.  The 
mine  consists  of  a  large  open  pit  about  2,500  feet  long,  east  and  west,  and 
about  700  feet  wide  from  crest  to  crest  at  the  widest  part.  The  depth  of 
the  pit  at  the  present  time  varies  from  about  100  feet  on  the  north  side 
near  the  center,  to  about  20  feet  on  the  south  side,  the  difference  being 
due  both  to  surface  topography  and  to  irregularity  of  excavation  (sum- 
mer, 1917).  The  overburden,  consisting  mainly  of  sand  and  clay,  varies 
in  thickness  from  15  feet  at  the  west  end  of  the  pit  to  74  feet  on  the  north 
side.  The  difference  in  elevation  of  the  ore  surface  underneath  the  over- 
burden of  glacial  till  is  about  30  feet,  thus  showing  considerable  irregu- 
larity of  the  pre-glacial  surface  over  this  comparatively  small  area.  The 
greatest  depth  of  the  bottom  of  the  pit  below  the  bed  rock  surface  is  about 
60  feet,  and  is  near  the  center  of  the  pit.  During  the  summer  of  1917  a 
concrete  hoisting  shaft  was  sunk  south  of  the  west  end  of  the  pit. 

Iron-bearing  rock  and  ore  are  exposed  in  the  pit  over  a  length  of 
about  1,900  feet  and  over  a  maximum  width  of  450  feet.  The  general 
strike  of  the  iron-bearing  belt  is  about  N.63°E.,  but,  owing  to  a  sharp 
synclinal  fold  at  the  west  end  of  the  pit,  the  details  of  the  structure 
within  the  pit  are  very  complex,  as  may  be  seen  from  the  strike  and  dip 
readings,  shown  on  Plate  XX.  The  general  dip  is  southeasterly  but 
locally  the  rocks  dip  steeply  to  the  north. 

The  iron-bearing  belt  has  been  traced  by  drilling  toward  the  Rowe 
mine  from  the  northeast  through  the  north  half  of  section  17.  Where 
it  enters  section  18  at  the  east  end  of  the  Rowe  pit,  the  iron-bearing  belt 
is  about  200  feet  wide.  Its  width  gradually  increases  to  the  southwest, 
and  near  the  middle  of  the  pit  it  has  a  width  of  300  feet.  This  point 
marks  the  beginning  of  the  synclinal  turn  to  the  north  which  occupies 
the  entire  west  end  of  the  pit.  The  synclinal  fold  is  composed  of  a  num- 
ber of  minor  folds  which  in  turn  are  composed  of  smaller  folds  and 
crenulations.  (Plate  XVIII  B).  Around  the  end  of  the  turn  the  out- 
lines of  the  iron-bearing  belt  are  very  irregular,  and  its  width  varies 
between  300  and  600  feet ;  but  beyond  the  turn  on  the  north  limb  of  the 
syncline  the  belt  again  becomes  regular,  and  decreases  in  width  to  be- 
tween 200  and  300  feet.  The  turn  of  the  syncline  is  very  sharp,  the  north 
limb  running  back  in  a  northeasterly  direction  practically  parallel  to  the 
south  limb.  Both  limbs  have  a  general  steep  dip  to  the  southeast.  The 
bottom  of  the  syncline  pitches  to  the  east  between  45*^  and  60®. 

The  iron-bearing  belt  is  bounded  on  both  sides  by  schist  and  .slate. 
South  of  the  syncline  and  extending  around  the  west  end,  is  an  extensive 
area  underlain  by  gray  and  green  chloritic  and  argillaceous  schist  and 
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slate.  Within  the  syndine,  overlying  the  iron-bearing  f ormation*  are 
light  gray  siliceous  sericitic  slate  and  red  ferruginous  slate.  The 
latter  commonly  occurs  near  the  contact  of  the  iron-bearing  forma- 
tion, but  is  also  fotmd  within  the  gray  schist.  The  contact  be- 
tween the  red  and  gray  slate  is  usually  irr^^ular  and  in  most 
cases  the  red  color  is  due  to  local  staining.  Slate  or  schist  are  found  in 
the  pit  in  only  a  few  places,  the  principal  exposures  being  along  the  center 
of  the  north  side.  The  open  pit,  therefore,  is  almost  entirely  in  ore  and 
iron-bearing  rock. 

The  iron-bearing  rocks  at  the  Rowe  mine  consist  of  three  distinct  types 
of  materials:  (i)  medium  grade  hematite  and  hydrated  hematite  ore 
(direct-shipping  ore),  (2)  wash  ore,  consisting  of  hematite  and  hydrated 
hematite  mixed  with  more  or  less  disint^^ated  chert,  and  (3)  hard  fer- 
ruginous chert.  These  materials  are  somewhat  irregtdarly  distributed 
and  frequently  occur  intermixed.  In  some  parts  of  the  pit,  however, 
good  ore  predominates,  and  in  other  parts  wash  ore  and  ferruginous  chert 
predominate.  The  latter  especially  seems  to  be  concentrated  along  certain 
lines  as  is  shown  on  Plate  XX.  The  largest  of  these  areas  of  ferruginous 
chert  passes  lengthwise  through  the  center  of  the  eastern  portion  of  the 
pit,  while  another  large  area  occurs  in  the  southern  part  of  the  western 
half  of  the  pit  and  trends  northeasterly.  Smaller  masses  are  intermixed 
both  with  the  wash  ore  and  the  direct-shipping  ore. 

The  direct-shipping  ore  differs  from  the  wash  ore  and  ferruginous 
chert  in  that  it  contains  a  smaller  quantity  of  impurities  such  as  chert 
or  clay.  It  consists  of  a  mixture  of  brown,  red,  and  blue  hematite,  most 
of  it  more  or  less  hydrated.  The  direct-shipping  ore  is  the  principal 
material  in  the  pit. 

The  ferruginous  chert  consists  of  intermixed  hematite  and  chert. 
Usually  the  chert  is  dense  and  hard  and  is  white,  gray,  or  pink 
in  color.  It  may  be  interlaminated  with  the  hematite  in  thin 
irregular  layers,  or  it  may  be  intermixed  with  it  in  specks  and  blotches. 
This  interlayering  of  light  and  dark  bands  is  very  characteristic  of  ferru- 
ginous chert.  In  the  leaner  ferruginous  chert  the  dark  bands,  instead  of 
being  composed  of  hematite,  consist  chiefly  of  chert  which  has  been 
stained  by  iron  oxide.  Usually  in  such  cases  the  layering  is  less  r^^r, 
however. 

The  wash  ore  differs  from  the  ferruginous  chert  in  that  the 
chert  layers  are  disintegrated  and  consist  mainly  of  very  fine  sand,  in 
places  slightly  consolidated.  This  sand  is  removed  by  washing  and  the 
iron  oxide  interlayered  with  it  becomes  concentrated,  the  richness  of  the 
concentrate  depending  on  the  degree  of  disint^^tion  which  the  chert 
has  suffered  and  on  the  amount  of  impurity  which  the  hematite  layers 
contain.    The  hematite  interlayered  with  the  chert  in  wash  ore  or  fer- 
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ruginous  chert  may  be  brown,  red,  or  blue,  depending  on  the  amount  of 
hydration  which  it  has  undergone. 

On  the  southern  side  of  the  iron  ore  body  is  a  small  mass  of  man- 
ganiferous  ore,  carry ii^  about  43  per  cent  iron,  15  per  cent  manganese, 
and  II  per  cent  silica,  and  is  apparently  a  replacement  of  ferruginous 
slate.  The  quantity  of  manganiferous  ore,  however,  is  so  small  that  it 
is  not  shipped  separately,  but  mixed  with  the  non-manganiferous 
iron  ore.*** 

The  depth  to  which  the  Rowe  ore  body  extends  is  not  known.  One 
drill  hole  near  the  center  of  the  pit  encountered  ore  to  a  depth  of  360 
feet  below  the  original  rock  surface,  while  another  one  located  in  the 
angle  of  the  syncline,  passed  into  ore  at  a  depth  of  304  feet  rnd  con- 
tinued in  merchantable  ore  for  no  feet.  Many  encountered  ore  at  a 
depth  of  more  than  200  feet  below  the  base  of  the  glacial  drift.  The 
lower  limit  of  the  ore  body  is  probably  irreg^ilar,  the  depth  varying  in 
different  parts,  depending  upon  the  attitude  and  texture  of  the  rock 
strata.  The  ore  will  probably  be  found  to  extend  to  its  greatest  depth  in 
the  western  portion  of  the  pit. 

The  northern  limb  of  the  syncline  at  the  Rowe  mine  consists  mainly 
of  ferruginous  chert,  and  as  far  as  known  contains  but  little  ore.  It  has 
not  been  thoroughly  explored,  however,  and  good  ore  bodies  may  be 
found  along  it.  A  minor  fold  occurs  in  this  limb  in  the  northeastern  part 
of  section  18,  and  beyond  this  the  iron-bearing  belt  continues  northeasterly 
through  the  northwest  comer  of  section  17  into  section  8.  It  may  be  con- 
tinuous with  some  of  the  northern  ore  belts  in  sections  9,  3,  and  2,  T. 
46N.,  R.  29W.,  in  the  central  part  of  the  north  range.  However,  this 
connection  has  not  yet  been  traced  out. 

HILLCKEST  MINE 

The  Hillcrest  mine,  operated  by  the  Hill  Mines  Company,  is  located 
in  the  NEJ4  of  SEJ^  of  section  9,  T.  46N.,  R.  29W.,  just  northeast  of 
Blackhoof  Lake  and  about  one  mile  west  of  Ironton.  It  is  approximately 
on  the  line  of  strike  of  the  iron-bearing  belt  which  forms  the  southern 
limb  of  the  syncline  at  the  Rowe  mine.  Iron-bearing  rock  has  been  traced 
almost  continuously  between  the  two  mines,  but  it  is  not  yet  possible  to 
state  definitely  whether  the  iron-bearing  formations  at  the  two  mines  are 
at  the  same  stratigraphic  horizon.  However,  the  iron-bearing  rock  and 
associated  ore  of  the  Hillcrest  mine  are  known  to  continue  southwestward 
through  the  south  half  of  section  9  and  into  the  northwest  quarter  of 
section  16,  thus  leaving  a  stretch  of  only  about  three  fourths  of  a  mile 
of  little  known  territory  between  this  point  and  the  northeast  extension 
of  the  iron-bearing  belt  from  the  Rowe  mine. 
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Hydraulic  stripping  operations  at  the  Hillcrest  mine  were  in  progress 
during  the  summer  and  auttmin  of  191 5,  and  during  a  krge  part  of  the 
winter  until  stopped  by  excessive  cold.  During  the  summer  of  1916  the 
final  stripping  was  being  done  with  steam  shovels.  The  overburden  is 
65  to  70  feet  thick.  The  upper  part  is  sand  and  the  lower  part  is  clay 
containing  locally  boulders  of  considerable  size. 

The  iron^bearing  rocks  and  associated  ore  are  known  mainly  as  a 
result  of  drilling.  The  drilling  indicates  that  the  iron-bearing  belt  has 
a  maximtun  width  of  400  feet  and  is  mainly  ore  over  most  of  its  width. 
The  strike  of  the  iron-bearing  belt  is  approximately  N.70®E.  and  the  dip 
is  to  the  south  at  a  fairly  steep  angle.  Locally  the  beds  are  vertical. 
Gray  slate  and  schist  bound  the  iron-bearing  belt  on  the  north  and  south. 
Near  the  contact  with  the  iron-bearing  rock  there  is  red  ferruginous  slate 
or  paint  rock. 

Recently  there  has  been  opened  at  the  Hillcrest  mine  a  small  lenticular 
mass  of  manganiferous  iron  ore  within  the  iron-ore  body.  It  is  bounded 
on  both  sides  by  iron  ore  with  fairly  sharp  dividing  lines.  The  lens  is 
about  200  feet  long  by  20  wide,  but  is  somewhat  irregular  in  outline.  It 
represents  an  impregnation  of  a  part  of  the  ore  body  by  manganese  oxide. 

Below  are  given  average  analyses  of  ore  dried  at  212^  F.  from  the 
Hillcrest  mine.*** 

Average  Cargo  Analyses  of  Ore  Dried  at  212*"  F.  from  the  HiUcreti  Mme 

Loss  by 
Fe  P  SiO,        Mn        A1.0,      CaO    MgO       S    ignition 

%  %%%%%%%% 

Hillcrest 58.000       .238       5.500       .230       2.680       .290      .030      .001        6.420 

Hillcrest  man- 
ganiferous   43-8ii        .250       6.110      9.880        


PENNINGTON  MINE 

The  iron-bearing  belt  of  the  Hillcrest  mine  is  directly  continuous 
northeastward  with  the  iron-bearing  formation  of  the  Pennington  and 
Armour  No.  i  mines.    The  ore  bodies,  however,  are  not  connected. 

The  Pennington  mine,  operated  by  the  Pennington  Mining  Company 
of  Tod-Stambaugh  Company,  is  an  open  pit  mine  situated  in  the  SWJ4 
of  NEJ4  of  section  10,  T.  46N.,  R.  29W.  It  is  about  half  a  mile  from 
the  Hillcrest  mine,  and  the  intervening  area,  which  is  known  as 
the  Feigh  property,  contains  iron-bearing  rock  throughout  its  length; 
with  it  is  associated  a  considerable  quantity  of  ore.  The  Pen- 
nington pit  is  about  1,200  feet  long,  east  and  west,  and  has  a  maximum 
width  of  680  feet  from  crest  to  crest.  On  the  east  it  is  directly  contin- 
uous with  the  Armour  No.  i  open  pit  which  has  a  length  of  750  feet 


I  Lake  Superior  Iron  Ore  Association,  op.  cit.,  p.  9,  1917. 
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and  a  width  of  550  feet  from  crest  to  crest.  The  depth  of  the  pit  formed 
by  these  two  mines  is  about  no  feet  near  the  center  and  about  7^  feet  at 
the  west  end.  The  overburden  of  clay  and  sand  above  the  ore  and  rock 
surface  averages  between  70  and  85  feet  thick.  The  old  erosion  surface 
of  the  ore  and  iron-bearing  rock  shows  a  difference  in  elevation  of  about 
15  feet  in  different  parts  of  the  pit.  Locally  ore  has  been  excavated  to 
a  depth  of  35  to  40  feet  beneath  the  original  surface  (summer,  icfiy). 
The  width  of  ore  and  rock  exposed  along  the  bottom  of  the  pit  b^ween 
the  slopes  of  sand  and  clay  varies  from  about  400  feet  near  the  center  to 
about  ICO  feet  at  the  west  end.  Along  the  length  of  the  combined  pit, 
ore  and  iron-bearing  rock  are  exposed  for  about  1,500  feet. 

The  iron-bearing  rock  as  exposed  in  the  Pennington  portion  of  the 
pit  is  very  largely  ore,  some  of  it  of  very  high  grade.  Along  the  north 
side,  however,  at  the  base  of  the  sand  slope,  there  are  a  few  places  where 
hard  ferruginous  chert  is  exposed.  In  the  south  half  of  the  pit  there  is 
a  lens  of  hematitic  and  chloritic  schist  varying  in  width  from  50  feet  to 
120  feet.  (Plate  XXI.)  It  is  bounded  on  the  north  by  ore.  On  the 
south  it  is  bounded  at  some  places  by  ore  and  at  others  by  ferruginous 
chert.  Locally,  especially  along  its  north  side,  the  schist  lens  consists  of 
dark  red,  soft,  hematitic  schist  or  paint  rock,  but  for  the  most  part  it  is 
made  up  of  dark  green  or  grayish  green  fine-grained  chloritic  schist  con- 
taining both  chlorite  and  sericite.  In  general  appearance  and  structure 
as  well  as  in  its  relation  to  the  enclosing  sedimentary  rocks,  the  chloritic 
schist  suggests  a  squeezed  and  altered  subsilicic  igneous  rock.  This 
is  true  not  only  of  the  chloritic  schist  in  the  Pennington  and  Armour 
No.  I  mines,  but  elsewhere  in  the  Cuyima  district,  practically  wherever  it 
occurs.  Analyses  and  microscopic  examinations  of  this  rock  will  prob- 
ably aid  in  determining  its  true  character. 

The  best  ore  in  the  Pennington  mine  is  a  soft,  dark  red  to  reddish 
blue  hematite.  It  is  usually  porous  and  breaks  into  a  mixture  of  sand 
and  small  fragments  when  handled  with  the  steam  shovel.  In  general 
it  is  thinly  laminated,  and  in  many  places  shows  crumpling.  With  in- 
creasing silica  this  ore  grades  into  ordinary  laminated  ferruginous  chert. 
The  ferruginous  chert  as  it  occurs  in  the  Pennington  mine  consists  of 
thin  layers  of  white,  pink,  or  gray  chert  interlaminated  with  similar  layers 
of  more  or  less  pure  hematite,  or  hydrated  hematite  or  with  layers  of 
chert  stained  dark  red  or  blue  by  hematite.  Thus  there  are  all  gradations 
from  chert  with  certain  layers  stained  by  iron  oxide  to  ore  with  only  a 
very  small  amount  of  chert.  The  different  layers  or  laminae  vary  in 
thickness  from  mere  seams  to  an  inch  or  more.  Usually  the  layers 
themselves  show  fine  lamination  parallel  to  the  bedding.  Some  ferru- 
ginous chert,  while  showing  distinct  lamination,  does  not  have  continuous 
layers  of  different  colored  materials.    The  coloration  may  be  irr^;ular. 
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following  certain  layers  for  a  short  distance  and  then  cutting  across  the 
lamination,  in  general  giving  the  rock  a  blotched  appearance.  This  is 
especially  common  in  the  low-grade  ferruginous  chert  which  consists 
mainly  of  silica  partly  stained  by  iron  oxide.  Where  the  rock  consists 
of  distinct  layers  of  chert  and  iron  oxide,  the  layering  is  usually  quite 
Ttgvisir  and  very  thin  laminae  may  be  followed  for  several  feet.  This 
is  well  shown  locally  along  the  north  wall  of  the  pit.  In  some  of  the 
ferruginous  chert,  the  chert  layers  are  partly  disintegrated  and  the  rock 
is  soft  and  readily  broken.  Elsewhere,  however,  the  rock  is  dense  and 
extremely  hard. 

The  following  average  cargo  analysis  of  ore  from  the  Pennington 
mine  is  given  by  the  Lake  Superior  Ore  Association.*** 

Averagt  Cargo  Analysis  of  Ore  Dried  at  212*  F.  Shipped  from  the  Pennington 
Mine  during  the  Season  of  1916 

Loss  by 
Fc  P         SiO.       Mn        AlA      CaO    MgO      S    tgnitioii 

%  %%%%%%%% 

Per  cent 5&09         .192       8.a6         .31         313         -JO       .05        o^i       4-55 

In  places  in  the  Pennington  portion  of  the  pit,  drag  folding  is  con- 
spicuously shown.  (Plate  XXL)  Three  or  four  well-developed  drag 
folds  occur,  whose  axes  trend  obliquely  across  the  pit  in  a  direction 
slightly  more  north  of  east  than  the  general  strike  of  the  bedding.  These 
drag  folds  pitch  15®  to  30°  southwest,  and  their  axial  planes  dip  south- 
east, indicating  that  the  iron-bearing  rock  of  the  Pennington-Armour 
No.  I  pit  is  on  the  south  limb  of  an  anticline.  This  structure  is  distinctly  at 
variance  with  the  structure  as  shown  at  the  Rowe  mine,  where  presum- 
ably the  same  iron-bearing  layer  forms  the  south  limb  of  a  syndine. 
This  discrepancy  may  indicate  that  there  is  a  break  in  the  iron-bearing 
belt  between  the  Hillcrest  and  Rowe  mines. 

ARMOUR  NO.  I  MINE 

The  Armour  No.  i  mine,  operated  by  the  Inland  Steel  Company,  is 
adjacent  to  the  Pennington  mine  on  the  northeast  and  occurs  on  the 
extension  of  the  Pennington  ore  body.  It  was  operated  during  1912  and 
1913  as  an  underground  mine,  but  was  idle  during  1914.  In  the  spring 
and  summer  of  191 5  the  overburden  was  stripped  and  at  present  the 
Pennington  and  Armour  mines  are  both  in  one  big  open  pit,  the  Armour 
No.  I  mine  operations  being  at  the  east  end  and  the  Pennington  mine 
operations  at  the  west  end.  The  first  ore  was  shipped  from  Armour 
No.  I  open  pit  during  the  fall  of  191 5. 

The  Armour  No.  i  shaft,  a  circular  concrete  shaft,  is  located  south 
of  the  ore  body  in  the  southern  part  of  the  SEJ4  of  NEj4  of  section  10, 


■Lake  Superior  Iron  Ore  AMOciadoo,  op.  di..  p.  11. 
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T.  46N.,  R.  29W.  It  is  340  feet  deep  and  drifts  were  run  northward  to 
the  ore  body  at  the  200  foot  and  300  foot  levels.  The  shaft  penetrates 
65  feet  of  overburden,  and  below  this  it  is  mainly  in  green  and  gray 
chloritic  schist  similar  to  that  occurring  in  places  in  the  present  open  pit. 
Locally  the  schistosity  of  this  rock  is  not  very  prominent  and  the  rock 
is  quite  massive.  About  200  feet  north  of  the  shaft  on  the  bed 
rock  surface  is  the  contact  between  the  chloritic  schist  and  the  southern- 
most layer  of  iron-bearing  rock.  Iron-bearing  rock  with  associated  iron 
ore  and  manganiferous  iron  ore  and  lenses  of  green  schist  and  paint  rock 
occupy  the  northern  part  of  the  Armour  No.  i  40-acre  tract.  (Plate 
XXI.)  The  Pennington- Armour  No.  i  ore  body  proper  is  about  500  feet 
north  of  the  shaft  on  the  bed  rock  surface. 

The  general  strike  of  the  rock  beds  is  approximately  N.70^E.,  with 
local  variations,  and  the  dip  is  steeply  to  the  south.  The  ore  body  has  the 
same  general  strike  as  the  rocks.  It  is  cut  into  two  parts  longitudinally  by  a 
lens  of  green  schist  and  paint  rock  that  varies  up  to  100  feet  in  thick- 
ness. This  lens  pinches  out  to  the  west  at  the  boundary  of  the  Pennington 
property,  and  to  the  east  it  splits  into  several  thin  layers  separated  by  ore 
layers,  and  gradually  pinches  out  as  it  approaches  the  Armour  No.  2 
property.  Unaltered  green  schist  forms  the  center  of  the  lens,  and  the 
paint  rock  is  found  along  the  contact  with  the  ore.  The  part  of  the  ore 
body  south  of  the  schist  lens  is  bounded  on  the  south  by  another  belt 
of  paint  rock  and  green  chloritic  schist,  which  is  apparently  continuous 
with  the  schist  lens  on  the  Pennington  property.  The  part  of  the  ore 
body  lying  north  of  the  northern  schist  lens  grades  northward  into  man- 
ganiferous iron-bearing  rock,  some  of  which  carries  14  per  cent  or  more 
of  manganese.  The  ore  body  including  the  lens  of  paint  rock  and  green 
schist  varies  up  to  more  than  200  feet  in  width  and  extends  north- 
eastward across  the  entire  40-acre  tract  from  the  Pennington  property 
line  to  the  Armour  No.  2  property  line. 

The  ore  is  of  good  grade,  ranging  on  the  average  between  55  per  cent 
and  62  per  cent  in  metallic  iron.  It  is  of  non-Bessemer  quality,  how- 
ever, ranging  in  general  between  0.15  and  0.3  per  cent  phosphorus.  Its 
appearance  and  texture  are  very  similar  to  the  ore  on  the  Pennington 
property,  and  seem  to  be  more  or  less  uniform  throughout  the  ore  body. 
The  following  average  cargo  analysis  of  ore  from  the  Armour  No.  i 
mine  is  given  by  the  Lake  Superior  Iron  Ore  Association."' 

Average  Cargo  Analysis  of  Ore  Dried  at  212''  F.  Shipped  from  the  Armour  No.  i 
Mine  during  the  Season  1916 
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**  Lake  Superior  Iron  Ore  Association,  op.  cit.,  p.  8. 
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IRONTON  lONE 

The  Ironton  mine  of  the  Cuyuna-Duluth  Iron  Company  is  located 
just  north  of  the  village  of  Ironton,  in  the  NWj4  of  SWJ4  of  section 
II,  T.  46N.,  R.  29W.  It  consists  of  a  lath  shaft  which  passes  through 
65  feet  of  glacial  till  into  underlying  green  chloritic  schist  to  a  total  depth 
of  300  feet.  At  the  200  and  280  foot  levels,  drifts  run  northwestward 
from  it  to  the  ore  body,  the  distance  being  about  200  feet  on  the  200  foot 
level.  (Plate  XXI.)  The  ore  body  is  the  southwesterly  extension  of 
the  main  Armour  No.  2  ore  body.  It  is  more  or  less  parallel  to  the 
Pennington-Armour  No.  i  ore  body  and  is  about  1,000  to  1,200  feet 
southeast  of  it.  Between  the  two  ore  belts  are  green  chloritic  schist,  and 
paint  rock  with  some  lenses  of  lean  iron-bearing  rock. 

The  ore  of  the  Ironton  mine  is  for  the  most  part  soft  and  granular 
hematite,  dark  red  to  reddish  blue.  It  is  of  high  grade  and  is  similar 
to  much  of  the  ore  in  the  western  part  of  the  Armour  No.  2  mine. 

The  following  average  cargo  analysis  of  ore  from  the  Ironton  mine 
is  given  by  the  Lake  Superior  Iron  Ore  Association."* 

Average  Cargo  Analysis  of  Ore  Dried  at  212"*  F.  Shipped  from  Ironton  Mine 

During  the  Season  igi6 

Fc  P  SiO.  Mn  A1,0, 

Per  cent 5970  .172  575  81  4.44 

ARMOUR  NO.  2  MINE 

The  Armour  No.  2  mine  of  the  Inland  Steel  Company,  is  located  in 
the  SW14  of  NW>4  of  section  11,  T.  46N.,  R.  29W.  It  consists  of  a 
circular  concrete  shaft  298  feet  deep  and  a  considerable  amotmt  of  under- 
ground workings.  The  shaft  penetrated  63  feet  of  glacial  overburden, 
below  which  it  encountered  green  chloritic  schist.  The  main  hauling  level 
is  at  a  depth  of  168  feet.  At  this  level,  cross-cuts  run  north-northwest- 
ward and  south-southeastward  from  the  shaft.  (Plate  XXI.)  The 
first  of  these  connects  with  the  extension  of  the  200  foot  level  of  the 
Armour  No.  i  mine  in  the  Pennington-Armour  No.  i  ore  body,  and  the 
second  connects  with  the  main  Armour  No.  2  ore  body  which  continues 
northeastward  from  the  Ironton  mine  through  the  Armour  No.  2 
40-acre  tract.  Sublevels  are  found  127  feet  and  107  feet  below  the  sur- 
face, and  a  new  exploration  drift  runs  south-southeastward  from  the 
shaft  at  the  258  foot  level. 

The  general  strike  of  the  main  Armour  No.  2  ore  body  is  about  N. 
S5°E.  The  Pennington-Armour  No.  i  ore  body  strikes  N.70**E.,  thus 
indicating  a  convergence  of  the  two  ore  bodies  to  the  northeast.  The 
main  ore  belt  has  a  maximum  width  of  more  than  400  feet,  and,  as  the 


^^  Lake  Superior  Iron  Ore  Association,  op.  cit.,  p.  9. 
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dip  is  at  a  fairly  high  angle  to  the  southeast,  this  gives  considerable  thick- 
ness to  the  ore  body.  There  is,  however,  some  lean  ferruginous  chert 
mixed  with  the  ore,  as  is  the  case  in  nearly  all  the  ore  bodies  in  the 
.Cuyuna  district. 

The  ore  body  is  of  considerable  longitudinal  extent,  for  the  indica- 
tions are  that  it  continues  northeastward  through  the  adjoining 
40-acre  tract  which  also  forms  part  of  the  Armour  No.  2  property,  and 
through  the  Thompson,  Meacham,  and  Croft  properties,  a  total  length 
of  more  than  one  and  three  fourths  miles.  However,  not  enough  drilling 
has  been  done  as  yet  definitely  to  prove  the  continuity  of  the  ore. 

There  is  a  curious  distribution  of  different  kinds  of  ore  in 
the  ore  body  on  the  Armour  No.  2  property.  The  southwestern 
part  of  the  body,  to  a  point  a  short  distance  northeast  of  the 
main  cross-cut,  consists  of  dark  red  and  reddish  blue  hematite, 
usually  soft  and  granular  and  but  slightly  hydrated.  This  ore 
is  high  in  metallic  iron,  ranging  up  to  66  and  67  per  cent,  and  is  com- 
paratively low  in  phosphorus,  much  of  it  varying  between  .02  and  .07 
per  cent.  Probably  a  considerable  amoimt  of  ore  of  Bessemer  grade 
could  be  mined  by  careful  selection.  The  northeastern  part  of  the  ore 
body  consists  of  an  entirely  different  type  of  ore.  It  is  largely  a  medium- 
hard,  brown  ore  consisting  of  limonite  and  hydrated  hematite.  This  ore 
continues  northeastward  into  the  eastern  Armour  No.  2  40-acre  tract, 
where  it  locally  becomes  highly  manganiferous,  although  it  contains  less 
manganese  than  the  foot-wall  of  the  Armour  No.  i  ore  body.  The  man- 
ganiferous iron  ore  appears  to  occur  as  local  lenses  interlayered  with  ore 
and  ferruginous  chert  which  is  practically  free  from  manganese. 

Southeast  of  the  main  Armour  No.  2  ore  body,  and  forming  the 
hanging  wall  throughout  most  of  its  extent,  are  beds  of  hard  and  rather 
lean  ferruginous  chert.  Locally,  however,  in  the  southwestern  half  of 
the  ore  body,  some  of  the  drifts  have  encountered  red,  ferruginous  slate 
in  the  hanging  wall  directly  in  contact  with  the  ore.  It  is  probable  that 
drifts  driven  southward  through  the  ferruginous  chert  will  penetrate  it 
and  encounter  red  hematitic  and  green  chloritic  schist  south  of  it  similar 
to  that  which  occurs  in  the  hanging  wall  of  the  ore  body  at  the  Ironton 
and  Thompson  mines. 

The  foot-wall  of  the  main  Armour  No.  2  ore  body  is  formed  by  a 
layer  of  paint  rock  or  hematitic  schist,  which,  however,  is  only  10  or  15 
feet  thick,  and  grades  into  compact  green  chloritic  schist.  (Plate  XXI.) 
The  latter  probably  continues  northward  to  the  Armour  No.  i  ore 
body,  containing  locally,  however,  a  few  lenses  of  iron-bearing  formation. 
The  main  cross-cut  running  north-northwestward  from  the  shaft  to  the 
extension  of  the  Armour  No.  i  ore  body  is  entirely  in  chloritic  schist. 
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The  presence  of  local  layers  or  lenses  of  iron-bearing  forpfiation,  how- 
ever, such  as  occur  also  in  the  Armour  No.  i  property,  has  beea  shown 
by  drilling. 

The  extension  of  the  Pennington-Armour  No.  i  ore  body  in  the 
Armour  No.  2  property  is  comparatively  thin  and  appears  to  become 
thinner  to  the  northeast.  Compared  to  the  main  ore  body,  it  is  of  no 
great  importance.  Its  hanging  wall  consists  of  green  chloritfc  schist, 
while  the  foot-wall  is  formed  by  iron-bearing  formation  which  is  locally 
manganiferous  like  that  in  the  Armour  No.  i  property.  The  ore  is  simi- 
lar to  that  in  the  Armour  No.  i  and  Pennington  mines. 

Three  grades  of  ore  are  shipped  from  the  Armour  No.  2  mine.**' 

Average  Cargo  Analyses  of  On  Dried  at  212*  F.  Skipped  from  the  Armow  No.  2 
Mine  during  the  Season  1916 

Red  (per  cent) 

Brown    (per   cent) 

Manganese  (per  cent) 


The  Thompson  mine  of  the  Inland  Steel  Company  consists  of  both 
open  pit  and  tmdergrotmd  workings.  The  latter,  however,  were  not  used, 
except  for  drainage  purposes,  between  1913  and  1916,  after  which  date 
steam  shovel  operations  gave  place  to  milling.  The  shaft  is  located  in  the 
southern  part  of  the  NWJ4  of  NEJ4  of  section  11,  T.  46N.,  R.  29W.,  and 
the  open  pit  is  just  south  of  it  on  the  line  between  this  40-acre  tract  and 
the  one  immediately  to  the  south. 

The  shaft,  which  is  305  feet  deep,  has  cross-cuts  north  and  south  at 
the  150  and  250  foot  levels.  There  is  also  a  sublevel  at  100  feet  not 
connected  with  the  shaft.  The  north  cross-cuts  encounter  an  important, 
but  as  yet  little  developed,  ore  lens  located  in  the  northern  part  of  the 
40-acre  tract  in  which  the  shaft  is  located,  and  in  the  southern  part 
of  the  40-acre  tract  adjoining  it  on  the  north.  This  lens  is  on  the  line 
of  strike  of  the  Pennington-Armour  No.  i  ore  body,  but  drilling  has 
shown  that  it  is  a  separate  lens  although  it  occurs  at  approximately  the 
same  horizon.  The  south  cross-cuts  connect  with  an  ore  body  imme- 
diately south  of  the  shaft  which  is  the  northeastward  extension  of  the 
main  Armour  No.  2  ore  body,  as  has  already  been  mentioned.  (Plate 
XXII.) 

The  Thompson  open  pit,  which  is  on  the  south  ore  body,  has  a  length 
of  about  1,600  feet  and  a  maximum  width  from  crest  to  crest  near  the 
middle  of  450  feet.  The  overburden,  consisting  of  sand  above  and  of 
gray  and  red  clay  and  sand  below,  varies  in  thickness  from  50  feet  to 


"■Lake  Superior  Iron  Ore  AMOciation,  op.  at.,  p.  8. 
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80  feet  depending  upon  the  topography.  The  ore  surface  is  compara- 
tively level,  although  it  rises  somewhat  toward  the  west.  Ore  and  fer- 
ruginous chert  are  exposed  along  the  bottom  of  the  pit  practically  through- 
out its  entire  length.  The  width  of  the  bottom  of  the  pit  is  approximately 
100  feet  The  bottom  in  the  west  end  of  the  pit  in  the  fall  of  191 5,  was 
about  50  feet  below  the  original  ore  surface,  and  in  the  fall  of  1916  about 
90  feet  below.  The  strike  of  the  beds  is  very  regular  throughout  the 
length  of  the  pit  and  is  about  N.6s°E.  The  dip  is  to  the  southeast  and 
varies  between  50°  and  75°,  averaging  about  65®. 

The  foot-wall  of  the  ore  body  which  forms  the  north  wall  of  the 
lower  part  of  the  pit,  consists  of  light  gray  to  dark  gray  or  red  siliceous 
and  ferruginous  argillite  (or  slate).  It  is  very  thin-bedded  and,  due  to 
the  abundance  of  silica,  has  only  locally  developed  slaty  cleavage.  In 
places  it  is  stained  dark  red  by  hematite.  Ferruginous  layers  are 
interbedded  with  siliceous  and  argillaceous  layers.  Just  below  the  main 
ore  body  a  thin  lens  of  ore  is  interbedded  with  the  foot-wall  argillite. 

The  ore  of  the  main  ore  body  occupies  most  of  the  bottom  of  the  pit. 
In  places  it  consists  of  almost  pure  dark  brown  limonite,  while  elsewhere 
it  is  mixed  with  sandy  disintegrated  ferruginous  chert  or  with  hard, 
dense,  ferruginous  chert.  A  thin  layer  of  red,  ferruginous  argillite  oc- 
curs interbedded  with  ore  in  the  western  part  of  the  pit.  The  ore  as  a 
rule  is  richest  near  the  foot-wall  and  for  50  or  60  feet  away  from  it. 
Toward  the  hanging  wall  it  becomes  more  siliceous.  Locally  along  the 
foot-wall  between  the  ore  and  the  argillite  are  irregular  lenses  of  jnan- 
ganiferous  ore. 

The  south  wall  of  the  pit  consists  in  the  western  part  of  hard,  massive, 
ferruginous  chert,  and  in  the  eastern  part  of  soft,  dark  red  hematitic 
schist,  which  is  doubtless  decomposed  and  iron-stained  chloritic  schist, 
and  forms  the  hanging  wall  of  the  iron-bearing  formation. 

Most  of  the  ore  is  shipped  directly,  as  it  is  loaded  by  steam  shovels  in 
the  pit,  but  the  hard  ferruginous  chert  occurring  with  it  irregularly  along 
certain  horizons  is  not  used.  The  soft,  more  or  less  disint^rated,  fer- 
ruginous chert  is  concentrated  in  a  small  washing  plant  equipped  with  log 
washers.  The  following  average  cargo  analysis  of  ore  from  the  Thomp- 
son mine  is  given  by  the  Lake  Superior  Iron  Ore  Association.*** 

Average  Cargo  Analysis  of  Ore  Dried  at  212"*  F.  Shipped  from  the  Thompson 
Mine  during  the  Season  igi6 
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The  north  ore  lens  of  the  Thompson  mine,  as  indicated  by  the  drill- 
ing, is  considerably  larger  than  the  south  lens.  It  has  a  length  of  about 
2,000  feet  and  a  maximum  width  of  600  feet.  Much  of  it  is  manganif er- 
ous,  and  it  contains  considerable  iron-bearing  rock  mixed  with  the  ore. 
Like  the  south  ore  lens,  it  dips  steeply  to  the  southeast.  Between  the 
north  and  south  lenses  is  a  great  thickness  of  slate  and  green  chloritic 
schist  with  bands  of  iron-bearing  formation. 

MEACHAM  MINE 

The  Meacham  mine,  operated  by  Rogers-Brown  Ore  Company,  is 
situated  just  east  of  the  Thompson  open  pit  on  the  continuation  of  the 
upper  or  southern  Thompson  ore  body.  The  property  is  an  8o-acre  tract 
including  the  NE^  of  NEj4  of  section  11,  and  the  NWJ^  of  NW^  of 
section  12,  T.  46N.,  R.  29W. 

The  shaft,  which  is  located  in  the  NE>4  of  NE>4  of  section  11,  is  a 
circular  concrete  shaft  having  a  total  depth  of  254  feet,  of  which  the 
upper  70  feet  arc  in  glacial  drift.  The  main  hoisting  level  is  at  154  feet, 
while  the  principal  working  levels  at  present  are  at  85,  105,  and  115  feet. 
The  shaft  is  in  the  foot-wall  of  the  ore  body  which,  like  the  Thompson 
ore  body,  dips  steeply  to  the  southeast.  The  association  of  ore  and  wall 
rocks  is  similar  in  the  two  mines. 

The  following  average  cargo  analyses  of  ore  from  the  Meacham  mine 
are  given  by  the  Lake  Superior  Iron  Ore  Association.^*^ 

Average  Cargo  Analyses  of  Ore  Dried  at  212"*  F.  Skipped  from  the  Meacham 
Mine  during  the  Season  jgi6 
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.308 

6.52 
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4,22 

2.08 

.55 
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CROFT  MINE 

The  Croft  mine,  operated  by  John  A.  Savage  and  Company,  is  situated 
one  half  mile  northeast  of  the  Meacham  mine  on  the  same  iron-bearing 
belt  as  the  Armour  No.  2,  Thompson,  and  Meacham  mines.  The  prop- 
erty comprises  the  SEj4  of  SWj4  and  the  SEyi  of  SW>i  of  SW>^  of 
section  I,  T.  46N.,  R.  29W.  The  western  portion  of  it  adjoins  the  eastern 
Meacham  40-acre  tract  on  the  north. 


^Lake  Superior  Iron  Ore  Association,  Analyses  of  Lake  Superior  iron  ores,  aeuon  19x6, 
pp.   10  and  11,  X917. 
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A  circular  concrete  shaft  located  a  short  distance  northwest  of  the 
iron-bearing  belt,  was  sunk  through  no  feet  of  surface  drift  to  the  ledge. 
From  its  bottom  a  rectangxilar  steel  shaft  passes  through  rock  forming 
the  foot-wall  of  the  ore  body  to  a  total  depth  of  250  feet.  The  main 
cross-cut,  on  the  222-foot  level,  connects  the  shaft  with  the  various  drifts 
and  cross^<nits  in  the  ore  body.    The  main  working  level  is  at  160  feet 

Two  bands  of  iron-bearing  rock  cross  the  Croft  property  in  an  ap- 
proximately northeast-southwest  direction.  They  are  separated  by  a 
wedge  of  green  chloritic  schist  and  associated  red  hematitic  schist,  which 
¥^dens  to  the  northeast  and  comes  to  a  point  in  the  southwestern  part 
of  the  property.  On  the  northwest  and  southeast,  the  iron-bearing  belts 
are  bounded  by  green  and  red  schists.  Those  to  the  southeast  are  chlo- 
ritic and  those  to  the  northwest  are  locally  quartzose,  and  are  probably 
sedimentary  in  origin  as  indicated  by  their  banded  and  laminated  char- 
acter.   The  dip  of  the  iron-bearing  beds  averages  about  60^  southeast. 

The  upper  iron-bearing  bed,  i.e.,  the  one  to  the  southeast,  consists 
mainly  of  ferruginous  chert  and  slate  associated  with  low  grade  ore,  some 
of  which  is  manganiferous,  and  with  lenses  of  green  and  red  schist.  It 
has  a  maximum  width  of  350  feet  on  the  erosion  surface.  The  mine  is 
located  on  the  lower  iron-bearing  bed.  This  bed  has  an  average  width  of 
180  to  200  feet  on  the  erosion  surface,  but  is  rather  irregular.  A  part  of 
the  layer  consists  of  ferruginous  chert  associated  with  some  ferruginous 
slate,  and  another  part  of  it  consists  of  rich,  dark  reddish  blue  hematite 
which  occurs  as  a  layer  of  varying  width  numing  practically  through  the 
entire  length  of  the  property.  Most  of  the  ore,  according  to  drill  records, 
is  of  Bessemer  quality  and  is  the  richest  ore  that  has  been  found  in  the 
Cuyuna  district.  The  following  average  analysis  of  ore  from  the  Croft 
mine  is  given  by  the  Lake  Superior  Iron  Ore  Association."* 

Average  Cargo  Analysis  of  Ore,  Dried  at  212"*  F.,  Shipped  from  the  Croft 
Mine  during  the  Season  jgi6 

Loss  by 

Fc  P         SiO,       Mn        A1,0,      CaO    MgO       S    ignition 

Per  cent 597i8       .0435    10.250       .110       1.630       .290      .030      .0010      2.600 

The  depth  to  which  the  Croft  ore  body  extends  has  not  yet  been 
shown  by  drilling.  Throughout  most  of  the  property  it  dips  southeast 
more  or  less  parallel  to  the  bedding  of  the  associated  rocks  and  retains  a 
fairly  regular  thickness  with  depth.  The  indications  that  the  ore  may 
extend  to  a  considerable  depth  are  probably  as  favorable  here  as  they 
are  in  any  other  deposit  in  the  district. 


i^Lake  Superior  Iron  Ore  Association,  op.  cit.,  p.  8. 
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CUYUNA-mLLB  LACS  lONB 

The  Cuyuna-MiUe  Lacs  mine  of  the  Cuyuna-MiUe  Lacs  Iron  Com* 
pany,  is  located  in  the  SEH  of  SWK  of  section  3,  T.  46N.,  R.  ^VJ., 
southeast  of  Menomin  Lake,  but  the  property  includes  also  the  NW^ 
and  SW}i  of  SW54  of  section  3.  The  main  hoisting  shaft,  a  lath  shaft, 
was  stmk  through  about  50  feet  of  glacial  till  and  175  feet  of  ore  and 
rock  to  a  depth  of  225  feet.  The  timber  shaft  is  205  feet  deep  and  the 
main  hauling  level  is  at  the  bottom  of  it.  Both  shafts  are  sunk  directly 
to  the  Cuyuna-Mille  Lacs  north  ore  body.  The  principal  mining  opera- 
tions are  now  on  the  85,  125,  145,  165,  and  205  foot  levek.  At  the 
present  time  (summer  1917)  a  second  hoisting  shaft  is  being  sunk  in  the 
SW>4  of  SW}i  of  section  3.  This  will  connect  directly  with  the  south 
ore  body. 

The  Cuyuna-MiUe  Lacs  north  ore  body  occurs  along  the  crest  of  an 
anticline  which  strikes  approximately  northeast-southwest  The  north 
limb  of  the  anticline  near  the  ore  body  has  a  steep  dip  northwest,  but  away 
from  the  ore  body  the  beds  are  overturned,  and  have  a  steep  dip  to 
the  southeast.  The  south  limb  of  the  anticline  dips  southeast.  The  dip 
is  fairly  low  near  the  ore  body,  but  is  higher  toward  the  southeast.  The 
ore  body  appears  to  occupy  a  somewhat  indefinite  stratigraphic  horizon, 
but  its  position  along  the  crest  of  the  anticline  and  its  continuation  down- 
ward along  the  axial  plane  suggests  that  in  part,  at  least,  the  ore  body 
is  a  replacement  of  a  fractured  zone.  Ferruginous  chert  bounds  the  ore 
body  on  the  northwest  and  southeast.  The  most  characteristic  wall  rock 
is  an  evenly  laminated,  medium  hard,  ferruginous  chert,  which  cleaves 
readily  along  lamination  planes,  breaking  in  thin  slabs.  This  rock  is 
found  on  both  sides  of  the  ore  body,  but  is  more  characteristically  de- 
veloped on  the  south  side.  Some  phases  of  it  are  rather  argillaceous, 
approaching  ferruginous  slate  in  character.  At  some  points  along  the 
south  side  of  the  ore  body,  there  is  a  layer  of  hard,  jaspery,  ferruginous 
chert.  It  is  bounded  on  the  north  side  by  low-grade,  soft,  manganif erous 
iron  ore,  and  on  the  south  side  by  the  laminated,  argillaceous  ferruginous 
chert  already  mentioned.  Up  to  the  present  time  this  jasper  layer  has 
not  been  encotmtered  on  the  north  limb  of  the  anticline.  It  is  probabty 
a  local  lens. 

The  structure  of  the  Cuyuna-Mille  Lacs  anticline  with  its  north  limb 
dipping  steeply  northward  or  overturned,  and  its  south  limb  dipping 
steeply  southward,  suggests  that  it  may  be  a  drag  fold  on  the  south  limb 
of  a  more  extensive  major  anticline.  South  of  the  ore  body  for  some 
distance,  southeasterly  dips  of  varying  steepness  prevail,  the  rocks  being 
mainly  iron-bearing  formation  or  manganiferous  iron-bearing  fonna- 
tion.    In  the  southern  part  of  the  SEJ^  of  SWJ4  of  section  3,  however. 
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a  sottthwestward  pitching  syncline  occurs  which  is  apparently  continu- 
ous to  the  northeast  with  the  synclinal  trough  in  the  northern  part  of 
the  iSultana  property.  The  rock  strata,  however,  composing  the  syncline 
differ  from  those  found  in  the  Sultana  syncline  in  being  more  cher^, 
thot^h  slaty  layers  occur  here  and  there.  Several  extensive  ore  lenses 
are  found  in  the  syncline  and  adjacent  to  it.  They  are  known  collectively 
as  the  south  ore  body. 

South  of  the  Cuyuna-Mille  Lacs  property,  in  the  northern  part  of 
section  lo  is  the  Mahnomen  open  pit.  Steep  southeasterly  dips  prevail 
in  the  ore  at  this  place,  and  no  secondary  structures  which  might  aid  in 
determining  the  relation  of  this  ore  belt  to  the  major  structure  have  so 
far  been  found.  Lithologically,  however,  certain  manganiferous  iron 
ore  layers  found  in  the  southern  part  of  the  Mahnomen  pit  are  very 
similar  to  the  manganiferous  iron  ore  of  the  Sultana  and  Armour  No. 
I  mines,  and  they  may  represent  the  same  stratigraphic  horizon.  As 
already  mentioned,  the  drag  folds  found  along  the  Pennington-Armour 
No.  I  ore  belt  south  of  the  Mahnomen  ore  belt,  indicate  that  the  beds 
here  are  on  die  south  limb  of  a  major  anticline.  Not  enough  data  are 
as  yet  available  to  determine  the  structural  relations  of  these  various 
beds.  It  seems  probable,  however,  that  a  series  of  folds  exists  between 
Menomin  Lake  and  the  Pennington  pit  and  restdts  in  a  repetition  of 
layers.  Between  which  of  the  ore  beds  there  are  anticlines  and  between 
which  there  are  synclines  can  not  yet  be  stated  definitely. 

The  iron-bearing  belt  in  which  the  Cuyuna-Mille  Lacs  ore  body  oc- 
curs has  been  traced  continuously  only  from  the  southern  part  of  sec- 
tion 4,  T.  46N.,  R.  29W.,  northeastward  through  section  3.  Little  is, 
therefore,  known  of  its  longitudinal  extent. 

The  Cuytma-Mille  Lacs  north  ore  body  is  compact  in  form,  but  the 
south  ore  body  consists  of  several  separate  masses.  Both  vary  con- 
siderably in  the  character  of  the  material  from  place  to  place.  Locally 
bodies  of  rich  black  manganese  ore  occur,  but  the  general  run  of  material 
is  a  medium  soft  to  hard  black  or  brownish  manganiferous  iron  ore  which 
varies  in  manganese  content  from  place  to  place.  The  rich  manganese 
ore  as  a  rule  is  finely  crystalline  pyrolusite;  some  is  fairly  hard  and 
compact  and  some  is  soft  and  friable.  Dense,  hard,  black  psilomelane 
is  also  of  frequent  occurrence.  The  manganiferous  iron  ore  usually  has 
a  blocky  structure  and  is  dense  and  amorphous.  Specks  of  crystalline 
material,  however,  frequently  occur  scattered  through  it. 

Four  grades  of  ore  are  mined  by  the  Cuytma-Mille  Lacs  Iron  Com- 
pany ;  the  average  cargo  analyses  are  as  follows  :^^* 


**Lake  Soperior  Iron  Ore  Association,  op.  cd,,  p.  9>  I9i7* 
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Average  Cargo  Analyses  of  Ore  Dried  ai  212"  F.  Skipped  from  Cuyuma  MiUe  Lacs 

Mine,  for  ike  Season  igi6 

Fe            P  SiO.  \[n  AU).  CaO  MgO 

%            %  %  %            %  %  % 

Crow  Wing  "A" 37.71  .091  114/S  21.22  .95  M2  47 

Crow  Wing  'V 39.0a  .096  13.20  17.06  .42  ^64  .67 

Crow  Wing  'XT* 37.39  .79  19.50  12.91  .2ao  .670  J^ 

Grow  Wing  1)" 40.00  .051  22.00  S,g6  .182  .68  J60 

The  Cuyuna-Mille  Lacs  mine  has  been  by  far  the  largest  shipper  of 
manganiferous  iron  ore  in  the  Guy  una  district.  When  the  mine  was 
first  opened,  considerable  high-grade  ore  was  produced,  but  more  recently 
the  reserves  have  been  increased  by  reason  of  the  fact  that  lower  grade 
ore  in  large  quantities  is  being  shipped.^*^  The  Cuyuna-Mille  Lacs  ore 
contains  a  considerably  lower  percentage  of  phosphorus  than  the  general 
run  of  iron  ore  of  the  Cuyuna  district. 

ICANGAN  NO.  I  MINE 

The  Mangan  No.  i  mine  of  the  Mangan  Iron  and  Steel  Company  is 
situated  in  the  NEJ4  of  SV/j4  of  section  3,  T.  46N.,  R.  29W.,  just  north- 
east of  the  Cuytma-Mille  Lacs  mine,  being  on  the  northeastern  extension 
of  the  same  ore  body.  The  shaft,  a  round  timber  shaft,  was  sunk  to  a 
depth  of  122  feet,  of  which  60  feet  are  in  surface  drift  and  62  feet  in 
slate  and  slaty  iron  carbonate  rock.  The  ore  body  is  south  of  the  shaft. 
Some  ore  was  mined  in  the  summer  and  autumn  of  1916  and  mining 
continued  during  1917. 

SULTANA  MIME 

The  Sultana  mine,  situated  east  of  the  Cuyuna-Mille  Lacs  mine  in 
the  SW>4  of  SEJ4  of  section  3,  T.  46N.,  R.  29W.,  is  operated  by  the 
Sultana  Mines  Company.  It  is  in  the  southern  part  of  the  same  belt  of 
iron-bearing  formation  on  which  are  located  the  Cuyuna-Mille  Lacs  and 
Mangan  No.  i  mines  and  the  Hopkins  shaft.  As  already  mentioned  this 
belt  of  iron-bearing  formation  consists  typically  of  a  finely  laminated, 
somewhat  argillaceous  ferruginous  chert  in  the  vicinity  of  the  Cuyxma- 
Mille  Lacs  ore  body.  To  the  southeast  across  the  strike  this  grades  into  a 
denser,  more  siliceous,  ferruginous  chert  with  lamination  planes  less 
marked.  The  portion  of  the  belt  along  the  northeastward  extension  of 
which  the  Sultana  mine  is  located  is  still  farther  southeast  and  consists 
predominantly  of  ferruginous  slate  with  local  layers  of  hard,  siliceous, 
ferruginous  chert  or  of  more  or  less  decomposed  ferruginous  chert. 

>"*Zapffe,  Carl,  Matters  of  interest  to  operators  regarding  the  Cuyuna  distriet:  Proc.  Ltke 
Superior  Min,  Inst,,  toI.  ao,  p.  I97>  X9XS* 
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The  ore  body  at  the  Sultana  mine  is  located  in  the  trough  of  a  north- 
east-southwest trending  syncline^'^  with  a  gently  southeastward  dipping 
north  limb  and  a  steeply  northwestward  dipping  south  limb.  It  appears 
to  occupy  a  position  farther  south  relative  to  the  general  trend  of  the 
iron-bearing  belt  than  the  Cuyuna-Mille  Lacs  anticline,  but  is  more  or 
less  parallel  to  it.  This  relation  seems  to  indicate  that  the  Cuyuna-^Mille 
Lacs-Sultana  iron-bearing  belt  contains  a  series  of  more  or  less  parallel 
folds  whose  axial  planes  dip  uniformly  to  the  southeast.  The  d^ree  of 
folding  varies  in  different  parts,  but  in  general  it  has  been  intense,  ^ 
that  isoclinal  folds  have  resulted  and  the  general  dip  of  the  beds  also  is 
to  the  southeast.  Locally,  however,  near  the  axes  of  the  folds  north- 
westerly dips  occur. 

With  the  exception  of  a  few  small  bands  of  schist,  the  Sultana  46- 
acre  tract  is  tmderlain  by  iron-bearing  rock  and  associated  ore.  The 
bands  of  schist  have  a  northeast-southwest  trend,  parallel  to  the  strike 
of  the  iron-bearing  beds.  One  band  occurs  near  the  southeast  corner  of 
the  property,  north  of  the  eastern  end  of  the  Mahnomen  open  pit,  and 
the  other  is  in  the  northeastern  part.  In  the  northern  part  of  the  prop- 
erty, where  the  ore  body  occurs,  the  iron-bearing  rock  consists  mainly 
of  laminated  ferruginous  slate  of  which  there  are  two  distinct  varieties. 
One  of  them  is  the  common  dark  red,  medium  hard,  hematitic  slate  (or 
hematitic  argillite)  and  the  other  a  brownish  or  yellowish,  soft,  plastic, 
limonitic  clay  which  becomes  medium  hard  and  compact  on  drying. 

As  far  as  can  be  seen  in  the  present  underground  workings,  the  soft, 
limonitic  clay  occurs  along  the  northern  line  of  the  40-acre  tract  and 
continues  some  distance  southward.  It  is  everywhere  finely  laminated, 
due  to  interlayered  light  and  dark  colored  laminae.  The  general  strike 
of  the  bedding  is  somewhat  north  of  east.  The  dip  in  parts  is  low  to  the 
southeast  and  in  other  parts  steeply  to  the  northwest.  The  dark  red 
hematitic  slate  has  been  encotmtered  only  in  a  few  places.  It  lies  south 
of  the  soft  limonitic  clay  and  dips  steeply  to  the  north  or  northwest. 
Ore  occurs  in  both  varieties  of  ferruginous  slate,  but  most  of  it  is  in  the 
limonitic  phase  of  the  slate. 

The  main  hoisting  shaft  was  sunk  directly  in  the  portion  of  the  ore 
body  found  in  the  limonitic  clay  about  200  feet  south  of  the  north  line 
of  the  property.  It  is  91  feet  deep,  and  at  the  bottom  of  it  is  the  main 
hauling  level.  Other  levels  occur  at  depths  of  65  feet  and  75  feet. 
Cross-cuts  run  from  the  shaft  northward  through  the  ore  body  and 
southward  into  the  dark  red  hematitic  slate.    A  drift  running  westward 


^^  Much  of  the  information  concerning  the  Sultana  mine  was  kindly  furnished  the 
writers  by  Mr.  H.  H.  Bradt,  Mines  Efficiency  Co.,  Duluth,  Minn.,  and  Mr.  E.  Newton,  School 
of  Mines  Experiment  Station,  Minneapolis,  Minn. 
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from  the  main  shaft  to  an  exploration  shaft  in  the  northwest  comer  of 
the  property  passes  through  much  manganiferous  ferruginous  slate  and 
chert.  Ferruginous  chert  also  occurs  locally  interlayered  with  the  limo- 
nitic  clay. 

The  manganiferous  iron  ore  at  the  Sultana  mine  consists  of:  (i) 
irr^ular  nodules,  lumps,  and  masses  of  different  sizes  scattered  through 
the  yellow  and  brown  limonitic  clay,  and  (2)  veins  and  nodules  in  the 
dark  red  hematitic  slate  (or  hematitic  axgillite).  The  ore  in  the  limo- 
nitic clay  is  usually  dense,  amorphous,  and  hard,  although  considerably 
broken  up.  Its  distribution  in  the  day  is  most  irregtdar,  appearing  to  be 
in  the  form  of  local  replacements.^'^  The  limonitic  clay  matrix  carries 
only  a  very  small  percentage  of  manganese  except  locally,  where  masses 
of  it  appear  to  have  been  partly  replaced  by  manganese  oxide,  but  not 
so  completely  as  to  convert  it  into  ore.  The  origin  of  the  limonitic  day 
is  not  dear.  It  may  have  been  derived  from  the  dark  red  hematitic  slate 
by  hydration  and  leaching,  or  the  limonitic  clay  and  hematitic  slate  may 
both  be  decomposed  phases  of  ferruginous  argillaceous  rock  which  differed 
somewhat  in  character  and  were  interbedded  with  each  other.  The  ore  in 
the  hematitic  slate  is  usually  very  hard  and  characteristically  occurs  along 
joints  and  fissures.  Locally  dongated  nodules  of  manganiferous  iroii 
ore  are  found  along  joints  where  solutions  following  the  joints  have 
had  an  opportunity  to  penetrate  the  wall  rocks  on  either  side.  £be- 
where  thin  veins  of  nearly  pure  manganese  oxide  occur  along  fissures. 
Such  veins  are  bounded  on  both  sides  by  bands  of  low-grade,  reddish 
black,  manganiferous  iron  ore  representing  a  partial  replacement  of  wall 
rock,  and  these  low  grade  bands  in  turn  are  bordered  with  sharp  con- 
tacts by  unaltered  hematitic  slate. 

The  following  is  an  average  cargo  analysis  of  ore  from  the  Sultana 
mine  :*■■ 

Average  Cargo  Analysis  of  Ore,  Dried  at  212''  F.,  Shipped  from  ike  SuUano 

Mine  during  the  Season  1916 

^  Loss  by 

Fc  P         SiO.       Mn        AliO,      CaO    MgO      S    ignition 

Per  cent ^.302       .170       8.536    13.4^6       3.50         .75       .50       JO15      ioxx> 

HOPKINS  MINE 

The  Hopkins  property  includes  the  N>4  of  SE%  of  section  3,  T.  46N., 
R.  29W.,  the  shaft  being  located  in  the  NWj4  of  SEJ^  of  section  3,  just 


>**The  ore  body  at  the  Sultana  mine  U  a  very  interesting  one  aa  regards  structure  and 
origin.  A  deUiled  examination  of  the  mine  was  made  by  Mr.  Harlan  H.  Bradt,  of  Duluth,  and 
Mr.  Edmund  Newton,  of  Minneapolis,  who  suggested  to  the  writers  the  probability  that  the  nian> 
ganiferous  iron  ore  of  the  Sultana  mine  originated  by  the  replacement  of  an  original  iron<bearing 
rock  or  manganiferous  iron-bearing  rock  by  manganese  oxide.  Subsequently  one  of  the  writers 
(Harder)  made  an  examination  of  this  and  other  Cuyuna  Range  manganiferous  iron-ore  deposits 
and  found  that  the  replacement  hypothesis  was  probably  applicable  to  all  of  thea  without  ex- 
ception. 

'"Lake  Superior  Iron  Ore  Association,  op.  cU„  p^  ii. 
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north  ci  the  Sultana  mine.  The  shaft  has  a  depth  of  145  feet,  about  50 
feet  being  in  glacial  drift  and  the  rest  mainly  in  a  hard,  jaspery,  ferru- 
ginous chert  and  jaspilite.  No  ore  has  been  shipped  from  the  mine,  the 
shaft  having  not  yet  (summer,  191 7)  reached  the  ore  body. 

The  Hopkins  mine  is  located  along  the  same  general  stratigraphic 
horizon  on  which  the  Cuyuna-Mille  Lacs  and  Mangan  No.  i  mines  are 
located,  and  the  jaspilite  and  hard  ferruginous  chert  which  occur  in  the 
shaft  resemble  similar  rocks  found  in  the  Cuyuna-Mille  Lacs  mine. 
Some  layers  are  dark,  reddish  black,  and  massive  and  some  are  finely 
laminated  and  black,  dark  red,  or  brown.  Laminae  of  amphibole  or 
hematite,  and  locally  also  of  carbonate  minerals,  occur  interlayered  with 
the  laminae  of  dark  colored  chert.  Many  jasper  layers  have  a  well- 
developed  oolitic  texture.    The  rock  in  general  is  hard  and  siliceous. 

The  shaft  was  sunk  for  the  purpose  of  opening  up  a  body  of  rich 
hematite  ore,  but  operations  were  discontinued  before  the  ore  was 
reached.  The  southern  part  of  the  Hopkins  property  contains  the  north- 
eastward continuation  of  the  Sultana  iron-ore  belt. 

JOAN  MINE>M 

This  is  a  new  mine,  operated  by  the  Joan  Mining  Company, 
located  in  the  SW>4  of  NEJ4  of  section  3,  T.  46N.,  R.  29W.,  from 
which  shipment  of  manganiferous  ore  has  just  begun.  The  ore  con- 
sists of  a  replacement  by  manganese  oxides  of  cherty  ferruginous  ma- 
terial. The  outlines  of  the  ore  body  are  irregular,  and  development  work 
has  not  yet  been  carried  far  enough  to  determine  the  extent  of  the  ore. 
It  appears  to  be  a  band  about  12  feet  wide  following  a  generally  northerly 
direction. 

MAHNOMEN  MINE 

The  Mahnomen  open-pit  mine  of  the  Mahnomen  Mining  Company 
is  in  the  northern  part  of  section  10,  T.  46N.,  R.  29W.  Most  of  the 
pit  is  in  the  NE>^  of  NW>4  and  the  NW^  of  NE>^  of  the  section,  but 
the  eastern  end  of  it  projects  for  a  short  distance  into  the  40-acre  tract 
of  the  Stdtana  Mines  Company,  as  well  as  into  the  40-acre  tract  of  the 
Mangan  Iron  and  Steel  Company  which  comprises  the  NE>4  of  NEJ4 
of  section  10.  The  location  is  about  half-way  between  the  Pennington 
open  pit  and  the  Sultana  mine. 

The  Mahnomen  ore  body  occurs  along  the  northern  edge  of  a  broad 
belt  of  iron-bearing  rock  which  extends  in  a  southwest-northeast  direc- 
tion through  the  northern  part  of  sections  10  and  11,  the  southeastern 
part  of  section  3,  and  the  southern  part  of  section  12,  T.  46N.,  R.  29W. 
To  the  southwest  it  can  be  traced  with  interruptions  through  section  9, 


•FeffOM^t  H.  G. 
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T.  46N.,  R.  29W.,  into  section  8,  while  to  the  northeast  it  continues 
through  the  northern  part  of  section  i,  T.  46N.,  R.  2gW.9  and  through 
section  3I9  T.  47N.,  R.  28W.,  toward  the  southeastern  part  of  Rabbit 
Lake.  The  details  of  the  structure  of  this  iron-bearing  belt,  and  its 
relation  to  the  Pennington-Armour  No.  i  belt  on  the  south  and  the 
Cuyuna-MiUe  Lacs-Sultana  belt  on  the  north,  have  not  been  determined. 
The  belts  appear  to  merge  into  each  other,  although  locally  they  are  sep- 
arated by  schist  bands.  Development  work  is  constantly  progressing,  and 
it  will  doubtless  soon  be  possible  to  determine  some  definite  relation  be- 
tween thenu 

The  Mahnomen  open  pit  contains  both  iron  ore  and  manganiferous 
iron  ore.  The  iron  ore  is  mainly  of  the  yellow  and  brown  ocherous 
variety,  of  porous  texture  and  finely  laminated  structure,  which  is  not 
very  conmion  on  the  north  range,  but  is  abundant  on  the  south  range. 
Layers  of  soft  red  ore,  however,  are  interlayered  with  the  yellow  ocher- 
ous ore.  Little  or  none  of  the  hard  cherty  ore  common  in  the  Thompson 
and  Armour  mines  occtu-s  in  the  Mahnomen  open  pit.  The  lamination 
of  the  ore  is  parallel  to  the  general  strike  of  the  iron-bearing  belt,  being 
somewhat  north  of  east.  It  dips  steeply  south  for  the  most  part,  but* 
locally  is  vertical,  and  in  many  places  crumpling  has  resulted  in  northerly 
dips. 

The  iron  ore  of  the  Mahnomen  mine  is  found  along  the  north  side 
of  the  pit.  To  the  south,  across  the  strike  of  the  beds,  it  grades  into 
dark  red  ferruginous  slate,  locally  impregnated  with  manganiferous  iron 
ore,  which  in  general  occupies  a  band  running  lengthwise  through  the 
center  of  the  pit.  The  south  side  of  the  pit  is  in  manganiferous  iron 
ore  associated  with  yellow  clay  and  some  red  ferruginous  slate.  The 
ore  generally  occurs  as  veins  and  as  large  and  small  nodular  or  irr^^ular 
masses  imbedded  in  soft  yellowish  and  brownish  clayey  and  slaty  ma- 
terial. Some  ore  is  also  found  in  the  ferruginous  slate  layers  interbedded 
with  the  yellowish  and  brownish  clay,  but  is  less  abundant  and  less  rich. 
The  ferruginous  slate  layers  are  not  numerous  along  the  south  wall  of  the 
pit,  but  increase  in  abundance  northward  on  approaching  the  red  slaty 
horizon  separating  the  manganiferous  iron  ore  from  the  iron  ore.  Here 
and  there  are  thin  layers  of  gray  or  variegated,  finely  laminated,  plastic 
clay  very  similar  to  material  occurring  in  the  Sultana  mine.  As  has 
been  mentioned,  the  entire  manganiferous  bed  is  strikingly  like  that  of 
the  Sultana  mine  and  may  represent  the  same  stratigraphic  horizon. 

The  following  grades  of  ore  are  offered  by  the  Mahnomen  Mining 
Company,  according  to  the  year-book  of  the  Lake  Superior  Iron  Ore 
Association."* 


*■■  Lake  Superior  Iron  Ore  AasociatioB,  pp,  cit.,  p.  xo. 
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j49traff€  Cmrgo  Analyses  of  Ore  Dried  at  2J2*  P.  Offered  by  Mahnomen  Minmg 
Company  for  the  Season  jgi/ 

Losst>y 
Fe  P         SiO        Mn        A1,0,      CaO    MgO       S    ignition 

^  ^D  ^  ^  ^  ^D  ^D  ^  ^ 

Mahnomen 57.50  .19  6.10  .80  2.67  .98  4^  .054  7.84 

Mahnomen  No.  I '  40.00  .15  zo.00  14.00  3.80  02  .31  .015  7.84 

Mahnomen  No.  a  46.00  .20  7*55  8.00  3.80  .22  .31  .015  9.84 

Mahnomen  No.  4  51-00  .19  6.10  4.50  3-70  .75  i-^  -029  9-90 

MANGAN  NO.  2  MINE 

The  Mangaii  No.  2  mine  of  the  Mangan  Iron  and  Steel  Company  is 
located  in  the  NEJ4  of  NEJ^  of  section  10,  T.  46N.,  R.  29W.,  just  north 
of  the  Armour  No.  i  40-acre  tract  and  east  of  the  Mahnomen  open 
pit  The  southern  portion  of  the  property  contains  the  northeastward 
continuation  of  the  Pennington-Armour  No.  i  ore  belt,  while  the  north- 
em  portion  contains  the  continuation  of  the  Mahnomen  ore  belt.  With 
the  exception  of  a  few  schist  bands,  the  entire  40-acre  tract  is  underlain 
by  iron-bearing  rock  and  associated  ore.  Both  iron  ore  and  manganif- 
erous  iron  ore  are  present  on  the  property. 

The  shaft  is  a  round  timber  shaft.  It  was  sunk  during  the  summer 
and  fall  of  1916  to  a  depth  of  100  feet,  of  which  the  upper  52  feet  are 
in  glacial  drift. 

KENNEDY  MINE 

The  shafts  and  principal  underground  workings  of  the  Kennedy  mine, 
operated  by  Rogers-Brown  Ore  Company,  are  located  on  the  Orelands 
property,  lot  5,  section  30,  T.  47N.,  R.  28W.  The  older  underground 
workings,  however,  extend  also  into  the  SEj4  of  SE^  of  section  30, 
known  as  the  Brown  property,  and  into  lot  6  and  the  SW>4  of  SWJ^  of 
section  29,  T.  47N.,  R.  28W.,  known  respectively  as  the  Harrison  and 
Ehric  properties. 

The  mine  has  a  number  of  shafts,  only  two  of  which,  however,  are 
in  use.  The  hoisting  shaft,  which  is  a  wooden  drop  shaft,  is  located  near 
the  southeastern  comer  of  lot  5,  while  the  timber  shaft  is  near  the  center 
of  lot  5.  The  main  hauling  level  is  at  262  feet,  being  at  the  bottom  of 
the  main  shaft,  but  the  150-foot  level  also  connects  with  the  main  shaft 
Besides  these  there  are  numerous  sublevels. 

The  mine  is  south  of  Rabbit  Lake,  at  the  northeastern  end  of  a  belt 
of  iron-bearing  rock  which  is  known  to  extend  southwestward  a  short 
distance  beyond  the  southwestern  end  of  Rabbit  Lake,  while  to  the  north- 
east it  runs  under  the  lake.  Traces  of  iron-bearing  rock  are  found 
farther  southwest  along  the  same  strike  north  and  northwest  of  Menomin 
Lake,  but  their  relation  to  the  Kennedy  belt  is  uncertain.  The  iron- 
bearing  rock  at  the  Kennedy  mine,  as  indicated  by  the  tmderground 
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operations,  occupies  a  belt  about  1400  feet  wide  including  ore,  femi^- 
nous  chert,  hematitic  schist,  and  green  chloritic  schist,  all  of  which  occur 
in  irr^ular  bands  having  a  general  strike  of  N.45^E.  This  broad  belt 
of  iron-bearing  rock  and  schist  is  bounded  both  on  the  northwest  and 
southeast  by  areas  of  slate  and  schist,  which  near  the  contact  of  the 
iron-bearing  rock  is  generally  altered  to  paint  rock.  This  alteraticm  is 
characteristic  also  of  the  chloritic  schist  included  within  the  iron-bearing 
beds.  The  various  bands  are  the  expression  on  a  horizontal  plane  of 
steeply  inclined  beds  and  lenses  of  different  rocks  irregularly  interlayered. 
The  general  dip  of  the  rock  layers  varies  in  different  parts  from  55**  to 
70^  S.E.  The  hematitic  schist  and  green  chloritic  schist  within  the  iron- 
bearing  beds  are  usually  in  the  form  of  discontinuous  lenses  more  or  less 
parallel  to  the  bedding  of  the  iron-bearing  rock.  The  hematitic  schist 
usually  occupies  the  borders  of  such  lenses  and  extends  for  distances 
varying  from  a  few  feet  to  50  feet  or  more  into  the  interior,  the  unaltered 
centers  being  green  chloritic  schist.  Some  lenses  are  all  of  hematitic 
schist. 

Judging  from  secondary  structures  in  different  parts  of  the  mine, 
it  appears  that  the  entire  body  of  iron-bearing  rock  is  a  straight  succes- 
sion. The  beds  appear  to  be  on  the  south  limb  of  an  anticline,  the  older 
rocks  occurring  along  the  northwest  side  of  the  belt.  The  iron-bearing 
rock  consists  mainly  of  ferruginous  chert  with  local  irregular  bodies  of 
iron  ore.  In  places  the  ferruginous  chert  is  hard  and  massive,  while 
elsewhere  it  is  partly  disintegrated  forming  wash  ore.  With  depth,  the 
ferruginous  chert  grades  into  cherty  and  argillaceous  ferrous  carbonate 
and  silicate  rocks  such  as  cherty  and  slaty  iron  carbonate,  amphibole- 
magnetite  rock,  and  magnetitic  slate.  These  unoxidized  phases  are  espe- 
cially abundant  in  the  deeper  workings  of  the  western  and  northwestern 
parts  of  the  mine.  Thus  above  the  210  foot  level  there  is  hardly  a  trace 
of  ferrous  rocks,  the  entire  iron-bearing  rock  being  oxidized,  while  on 
the  262-foot  level  the  unoxidized  phases  are  abundant.  Ferruginous 
chert,  however,  is  still  abundant  on  the  262-foot  level,  especially 
directly  underneath  the  ore  bodies  where  downward  circulation  has  prob- 
ably been  facilitated  by  the  greater  porosity  of  the  material.  The  meta- 
morphosed magnetitic  phases  of  the  original  iron-bearing  rock  are  more 
common  in  the  western  portion  of  the  workings,  the  unaltered  carbonate 
phases  occurring  in  the  central  and  northern  parts.  In  the  unoxidized 
parts  of  the  iron-bearing  formation  in  the  lower  levels,  green  chloritic 
schist  occurs  as  it  does  in  the  upper  levels,  but  its  alteration  to  red  hema- 
titic schist  is  much  less  marked.  Usually  the  green  schist  is  in  direct  con- 
tact with  the  ferrous  rocks,  and  locally  it  is  somewhat  difficult  to  dis- 
tinguish underground  between  the  argillaceous  ferrous  rocks  and  the 
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green  schist  In  many  parts  of  the  mine  the  schist  contains  small  dis- 
seminated crystab  of  carbonate,  probably  calcite.  In  the  green  chloritic 
schist  these  crystals  are  fresh  and  transparent,  but  in  the  red  hematitic 
schist  they  are  decomposed  and  form  scattered  white  spots. 

There  is  thus  a  general  gradation  in  the  Kennedy  mine  from  ore, 
wash  ore,  ferruginous  chert,  and  hematitic  schist  in  the  upper  levels,  to 
cherty  and  argillaceous  iron  carbonate,  amphibole-magnetite  rock,  mag- 
netitic  slate,  and  green  chloritic  schist  in  the  lower  levels.  The  occur- 
rence of  the  diflFerent  rocks  is  necessarily  somewhat  irregular,  green 
chloritic  schist  being  fairly  common  in  the  upper  levels  and  ferruginous 
chert  being  abundant  in  the  lower  levels ;  nevertheless  the  general  change 
is  very  significant. 

There  are  four  main  ore  bodies  at  the  Kennedy  mine,  which,  although 
irregular,  are  roughly  in  the  form  of  lenses  parallel  to  the  general  trend 
of  the  rock  layers.  They  are  located  in  general  along  a  line  transverse 
to  the  bedding  of  the  rock  and  have  been  designated,  from  northwest  to 
southeast,  the  (i)  north  lens,  (2)  midway  lens,  (3)  intermediate  lens, 
and  (4)  south  lens.  The  longer  axis  of  each  body  is  parallel  to  the 
bedding  of  the  enclosing  rocks.  Little  scattered  lenses  of  ore  are  f  oimd 
between  the  main  lenses  and  along  their  borders.  The  main  shaft  is 
located  between  the  intermediate  and  south  lenses.  At  the  present  time 
only  the  lenses  north  of  the  shaft  are  producing  ore,  but  in  the  past  con- 
siderable ore  has  been  mined  from  the  south  lens. 

The  ore  from  the  different  lenses  varies  somewhat  as  regards  texture 
and  composition.  The  characteristic  ore  of  the  north  lens  is  distinctly 
laminated,  dark  reddish  to  bluish  hematite  associated  with  more  or  less 
brownish,  siliceous,  hydrated  hematite  and  limonite.  The  latter  becomes 
more  abundant  in  the  lower  levels.  The  laminated  ore  is  mostly  amor- 
phous, but  certain  layers  contain  much  crystalline  hematite.  The  lamina- 
tion is  caused  by  the  interlayering  of  ore  of  different  colors,  or  by  the 
interlayering  of  siliceous  laminae  or  crystalline  laminae  with  the  common 
amorphous  ore.  The  ore  usually  breaks  along  lamination  planes,  often 
yielding  large  slabs. 

The  principal  ore  of  the  midway  lens  is  a  soft,  yellow  to  brown, 
ocherous  limonite.  Locally  masses  and  fragments  of  hard,  brown  li- 
monite occur  in  it.    Bedding  is  very  indistinct  and  in  places  wanting. 

The  intermediate  and  south  lenses  consist  largely  of  ordinary  hard, 
amorphous,  dark  brown  limonite  or  hydrated  hematite.  Bedding  is 
fairly  distinct,  but  instead  of  the  straight  lamination  shown  by  the 
north  lens  ore,  the  bedding  planes  are  irregular  and  the  ore  is  con- 
siderably fractured  and  crumpled.  Much  of  the  ore  is  of  good  grade, 
but  rfiuch  of  it  is  siliceous,  grading  into  ferruginous  chert.  There  seems 
to  be  little  regularity  in  the  occurrence  of  the  richer  or  leaner  portions. 
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Thejr  are  irregularly  intermixed.  Even  the  boundary  between  die  ore 
body  and  the  enclosing  ferruginous  chert  is  indefinite.  Where  the  ore 
lies  against  hematitic  schist,  however,  as  southeast  of  the  intermediate 
lens,  the  boundary  is  sharp. 

The  differences  in  the  character  of  the  ore  lead  one  to  suspect 
that  there  were  distinct  differences  in  the  character  of  the  original  iron- 
bearing  formation  from  which  the  various  types  of  ore  were  derived. 

The  following  is  an  average  cargo  analysis  for  ore  from  the  Ken- 
nedy mine  :*•• 

Avtrage  Cargo  Analysis  of  Ore,  Dried  at  212^  F,,  Shipped  from  the  Kennedy 
Mine  during  the  Season  1916 

Loss  by 
Fe  P         SiO.       Mn        A1,0.      CaO    MgO       S    ignition 

Per  cent 55.09         .241      11.867        -^^        ^-7^       -302      .229      .<Q4        6.09 

SOUTH  RANGE  MINES 
ADAMS  MINE 

The  Adams  mine  is  the  easternmost  mine  on  the  south  range,  being 
situated  in  the  SWJ4  of  NW^  of  section  30,  T.  46N.,  R.  28W.  It  was 
operated  by  Cuyler  Adams  during  1914,  but  has  since  been  idle. 

The  shaft  is  of  concrete  and  has  a  depth  of  207  feet,  the  upper  136.5 
feet  being  in  glacial  drift  and  the  remainder  in  a  dark  green,  coarsely 
crystalline  diabase.  The  pump  station  is  at  the  bottom  of  the  shaft  and 
is  excavated  in  the  diabase.  From  the  pump  station  the  main  level  drift 
passes  first  southeastward  and  then  turns  and  nms  in  a  general  south- 
westerly direction  along  the  ore  body.  For  a  short  distance,  the  main 
drift  is  in  diabase  beyond  which  it  penetrates  in  succession  a  layer  of 
amphibole  magnetite  rock  and  magnetitic  slate,  a  layer  of  green  schist 
and  then  another  layer  of  magnetitic  slate  and  amphibole-magnetite  rock 
of  considerable  thickness,  before  it  encoimters  the  ore  body.  The  layers 
have  a  general  strike  a  little  north  of  east  and  dip  steeply  south.  The 
magnetitic  slate  and  green  schist  layers  through  which  the  drift  passes 
therefore  form  the  foot-wall  of  the  ore  body.  Immediately  in  contact 
with  the  ore,  the  magnetitic  slate  is  oxidized  and  is  soft  and  clayey,  but 
in  general  it  is  hard,  dense,  and  finely  laminated.  The  green  schist  is 
soft  chloritic  schist,  usually  finely  crystalline  but  showing  distinct 
cleavage. 

The  diabase  through  which  the  shaft  passes  is  dark  green  in  color  and 
consists  of  a  ground-mass  of  fine-grained,  dark  green  chlorite  in  which 
are  abundant,  long,  narrow  laths  of  pink  feldspar.  These  feldspar 
phenocrysts  range  in  length  up  to  four  fifths  of  an  inch,  but  are  rarely 


'**Lake  Superior  Iron  Ore  Associfttioa*  op,  ciT.,  p.  10. 
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wider  than  one  twentieth  of  an  inch.  They  are  scattered  irregularly 
through  the  rock,  giving  it  a  coarse,  ophitic  texture.  Near  the  bed  rock 
surface  the  diabase  is  light  brownish  green  and  thoroughly  decomposed. 
On  nearing  the  contact  of  the  magnetitic  slate  along  the  main  drift,  the 
diabase  loses  its  porphyritic  texture  and  becomes  very  fine-grained. 
However,  it  retains  a  fine'  ophitic  texture.  This  clearly  indicates  that 
the  rock  is  intrusive. 

The  band  of  iron-bearing  rock  next  to  the  diabase  is  a  dark-colored, 
locally  almost  black,  laminated  amphibole-magnetite  rock.  It  is  hard  and 
dense  and  in  places  contains  layers  several  inches  thick  consisting  entirely 
of  dark  gray  chert.  With  this  are  interlaminated  thinner  layers  of  black 
argillaceous  rock  rich  in  iron.  Locally  the  chert  layers  contain  abundant 
brownish  fibrous  amphibole. 

The  chloritic  schist  is  distinctly  green  in  color,  some  being  light  and 
some  dark.  It  appears  to  be  of  very  uniform  composition,  consisting 
almost  entirely  of  chlorite.  The  schistosity  varies  in  different  parts.  In 
some  places  the  rock  has  fine  cleavage  lines  and  elsewhere  it  is  more 
massive.    It  is  fine-grained  throughout. 

The  bed  of  iron-bearing  rock  between  the  chloritic  schist  and  the  ore 
body  is  of  considerable  thickness  and  consists  of  a  mixture  of  magnetitic 
slate  and  amphibole-magnetite  rock,  the  former  being  more  abundant. 
In  general  the  rocks  are  more  finely  laminated  and  less  siliceous  than  the 
iron-bearing  rock  between  the  diabase  and  the  chloritic  schist.  The 
typical  magnetitic  slate  consists  of  interlaminated  light-green,  finely  crys- 
talline amphibole  and  black,  siliceous  or  ai^llaceous,  fine-grained  mag- 
netite. In  some  laminae  amphibole  and  magnetite  are  intermixed  and 
then  form  greenish  black  layers.  The  laminae  vary  in  thickness,  usually 
being  very  fine,  but  in  places  ranging  up  to  half  an  inch  thick.  The  rock 
cleaves  readily  along  lamination  planes.  The  proportion  of  chert  or 
quartz  present  is  small  in  the  magnetitic  slate,  and  with  increasing  sili- 
ceous material  and  coarser  layering  the  slate  grades  into  amphibole- 
magnetite  rock.  Thin  pyrite  veins  occur  in  both  the  magnetitic  slate  and 
amphibole-magnetite  rock. 

The  ore  of  the  Adams  mine  varies  greatly  in  character  and  appear- 
ance. Some  of  it  is  finely  laminated  and  medium  soft,  while  some  is 
hard.  In  color  it  usually  ranges  from  dark  brown  or  red  to  black,  the 
more  hydrated  ore  being  dark  brown.  Some  of  the  finely  laminated 
varieties,  although  of  good  grade,  show  a  greenish  or  grayish  tint,  as  if 
they  contained  much  clay.    The  ore  in  general  is  of  good  grade. 

HOBART  EXPLORATION  SHAFT 

The  exploration  shaft  of  the  Hobart  Iron  Company  of  Pickands, 
Mather  and  Company,  is  situated  in  the  SWj4  of  SEJ4  of  section  8,  T. 
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45N.,  R.  29W.  It  is  about  two  miles  east  of  Woodrow  and  is  on  the 
same  general  iron-bearing  belt  on  which  the  Wilcox  mine  at  Woodrow  is 
located.  Several  minor  breaks,  however,  occur  in  the  belt  between  the 
two  localities. 

The  shaft  has  a  depth  of  120  feet,  of  which  the  upper  76  feet  are  in 
glacial  drift.  Its  bottom  is  in  magnetitic  iron-bearing  rock  while  a  cross- 
cut 205  feet  long  running  southward  from  it  at  the  114-foot  level  passes 
through  165  feet  of  mixed  magnetitic  iron-bearing  rock  and  ore  into 
green  slate.  The  beds  are  very  steep,  having  an  average  dip  of  about 
80^  SE.  The  green  slate  forms  the  hanging  wall  of  the  iron-bearing  bed. 
The  foot-wall  is  not  shown  in  the  workings. 

The  iron-bearing  bed  contains  a  number  of  different  kinds  of  rock. 
The  shaft  is  mainly  in  finely  laminated,  black,  magnetitic  slate  and  lean 
magnetic  ore.  Much  of  this  material,  especially  near  the  surface,  is 
oxidized  to  a  brown  or  brownish  red,  siliceous  limonite.  Near  the  bottom 
of  the  shaft,  in  the  cross-cut,  is  a  rather  massive,  fine-grained,  dark  green 
chlorite  rock.  Some  of  this  is  dense,  but  some  of  it  contains  small  rhom- 
bic cavities  from  which  crystals  of  carbonate  have  evidently  been  leached. 
Southward  from  the  chlorite  rock,  the  cross-cut  passes  through  different 
kinds  of  black  or  dark  green  cherty  and  slaty  iron-bearing  rocks,  some 
bands  of  which  average  over  50  per  cent  in  metallic  iron.  In  some  of  the 
beds,  distinct  layers  of  dark-colored  chert  appear,  while  other  beds  con- 
tain much  green  argillaceous  rock.  In  general,  however,  the  material 
is  black,  finely  laminated,  hard,  lean  ore.  Much  of  it  is  slightly  mag- 
netic, but  much  has  been  completely  oxidized  and  hydrated  to  a  dense, 
brownish  black,  siliceous  limonite.  A  drift  runs  eastward  from  the  cross- 
cut in  this  lean  ore  for  a  distance  of  80  feet. 

The  hanging  wall  slate  is  in  part  argillaceous  and  in  part  chloritic. 
Both  phases  show  distinct  cleavage,  the  chloritic  variety  being  slightly 
less  schistose.    Both  are  dark  green. 

Above  the  iron-bearing  bed,  lying  on  its  eroded  edges  and  overlain  by 
glacial  drift,  are  a  few  feet  of  dark  red  fragmental  rock.  This  rock, 
which  is  penetrated  by  the  shaft,  consists  largely  of  small  pebbles  or  con- 
cretions of  impure  ferruginous  and  argillaceous  material  cemented  to- 
gether by  siliceous  iron  oxide.  It  is  believed  to  be  analogous  to  the  fer- 
ruginous Cretaceous  rock  occurring  locally  in  the  Mesabi  district. 

WILCOX  MINE 

The  Wilcox  mine,  operated  by  the  Paterson  Construction  Company, 
is  located  in  the  SE>4  of  NWJ4  of  section  13,  T.  45N.,  R.  30W.,  just 
south  of  the  village  of  Woodrow,  and  about  6  miles  north  of  east  from 
Brainerd.  The  property  embraces  also  several  of  the  adjoining  40-acre 
tracts. 


Digitized  by.VjOOQlC 


GEOLOGY  OF  THE  PRINCIPAL  MINES  1O5 

The  iron-bearmg  belt  on  which  the  mine  is  situated  runs  across  the 
northern  half  of  section  13  approximately  N.6o^£.,  and  dips  about  65^ 
south.  It  consists  mainly  of  ore,  but  a  little  ferruginous  chert  and  paint 
rock  are  associated  with  the  ore»  especially  along  the  borders  of  the  belt. 

The  iron-bearing  rock  is  bounded  both  on  the  north  and  south  by 
light  green  and  gray  slate.  The  hanging  wall  slate  near  the  contact  of 
the  iron-bearing  rock  is  decomposed,  clayey,  and  of  a  bluish  green  color. 
In  some  places  quartz  veins  occur  in  it  and  at  others  it  is  mixed  with 
brown  iron-stained  clay.  Quartz  and  clay  are  also  found  in  the  ore  aloi^ 
the  contact 

The  portion  of  the  ore  bed  occurring  along  the  hanging  wall  usually 
consists  of  ocherous  yellow  limonite,  soft  but  distinctly  bedded.  This 
grades  into  yellowish  and  brownish  black,  medium  hard  limonite,  which 
forms  the  main  ore  body. 

The  foot-wall  of  the  iron-bearing  rock  is  a  light-colored,  greenish  or 
grayish  slate  with  marked  schistosity  but  with  little  or  no  evidence  of 
bedding.  Near  the  ore  body  the  slate  becomes  dark  red,  due  to  impreg- 
nation with  hematite,  and  is  known  as  paint  rock.  It  is  medium  hard 
and  shows  cleavage  similar  to  the  green  and  gray  slate.  Locally  traces 
of  bedding  are  found  in  it,  and  at  such  points  the  cleavage  and  bedding 
appear  to  be  parallel.  The  contact  between  the  paint  rock  and  ore  is 
usually  sharp. 

Both  the  ore  and  wall  rocks  contain  a  soft  but  compact,  fine-textured, 
decomposed  rock,  also  termed  paint  rock,  which  has  the  appearance  of 
being  intrusive.  It  occurs  in  masses  which,  although  in  general  parallel 
to  the  strike  of  the  enclosing  rocks,  are  dike-like  in  character.  The  rock 
itself  is  light  green  where  associated  with  green  or  gray  slate,  and  dark 
red  where  associated  with  dark  red  slate  or  ore.  When  wet  it  is  soft 
and  clayey,  but  on  drying  it  hardens.  It  does  not  show  any  cleavage  and 
has  sharp  contacts  with  the  enclosing  rocks. 

The  Wilcox  shaft  is  situated  north  of  the  iron-bearing  belt  in  the 
slate  which  forms  the  foot-wall  of  the  ore  body.  It  has  a  depth  of  230 
feet,  of  which  the  upper  95  feet  are  in  glacial  drift  and  the  rest  in  green 
and  gray  slate.  The  main  hauling  level  is  at  200  feet,  and  the  principal 
auxiliary  level  is  at  125  feet.  Most  of  the  ore  now  mined  is  being  taken 
from  the  112-foot  level. 

The  ore,  as  already  mentioned,  is  in  part  a  yellow  or  brown,  porous, 
ocherous  ore  and  in  part  a  brownish  black,  medium  hard  ore.  Both  types 
are  limonitic.  The  following  average  cargo  analysis  of  the  ore  is  given 
by  the  Lake  Superior  Iron  Ore  Association.^'^ 


Superior  Iron  Ore  AMociation,  op.  cit.,  p.  ii. 
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Av€mg9  Cmgo  Analyns  of  Org  DrUd  at  ^»*  P.,  Expected  from  the  WUcax 
Mine  for  the  Season  191T 

Loss  by 
Fe  P         SiO,       Mn        A1,0,      CaO    MgO      S    ignitiofi 

Per  cent 57^         ^5         6.00         .50         2.90         45       ^5        j03         8.70 

BSAINERD-CUYUNA  MINE 

The  Brainerd-Cuytina  mine,  of  the  Brainerd-Cuyuna  Mining  Com- 
pany, is  situated  in  the  southern  part  of  the  city  of  Brainerd  in  the  NE^ 
of  SWJ4  of  section  36,  T.  45N.,  R.  31W.  The  property  includes  also, 
several  of  the  adjoining  40acre  tracts.  The  shaft,  which  is  situated 
northwest  of  the  iron-bearing  belt  in  the  foot-wall  slate,  has  a  depth  of 
164  feet,  of  which  the  upper  90  feet  are  in  glacial  drift.  A  cross-cut  runs 
southeastward  from  it  through  slate  into  the  north  ore  body  at  the  154- 
foot  leveL  At  the  bottom  of  the  shaft,  the  slate  is  light  green  and  gray, 
but  near  the  ore  body  it  is  dark  red  due  to  impregnation  by  hematite. 
Southeast  of  the  north  ore  body  is  the  south  ore  body,  separated  from 
it  by  a  thin  bed  of  barren  rode. 

The  ore  from  the  Brainerd-Cuyuna  mine  is  yellowish  and  brownish 
limonite  typical  of  the  south  range.  It  occurs  in  two  lens-like  bodies, 
the  north  lens  and  the  south  lens.  The  north  lens  consists  mainly  of  soft 
yellow  ocherous  ore,  while  the  south  lens  ore  is  darker  and  somewhat 
manganiferous. 

The  iron-bearing  belt  has  a  general  trend  of  about  N.5o^£.  in  the 
vicinity  of  Brainerd,  running  from  the  southeastern  part  of  section  30, 
T.  45N.,  R.  30W.,  through  the  northwestern  comer  of  section  31  into 
the  northeastern  part  of  section  36,  T.  4SN.,  R.  31W.,  from  where  it  con- 
tinues southwestward  through  most  of  section  36.  The  bed  has  a  fairly 
steep  southeasterly  dip. 

BARROWS  MINS 

The  Barrows  mine,  from  which  ore  was  produced  during  1913  and 
1914  by  the  Virginia  Ore  Mining  Company,  of  M.  A.  Hanna  and  Com- 
pany, is  situated  in  the  NWJ4  of  SE>4  of  section  10,  T.  44N.,  R.  31W. 
It  is  the  westernmost  of  the  south  range  mines  that  has  been  operated. 

The  main  hoisting  shaft  has  a  total  depth  of  160  feet,  of  which  the 
upper  no  feet  are  in  glacial  drift  and  the  rest  in  dark  green,  massive, 
finely  crystalline  diabase  which  forms  the  hanging  wall  of  the  ore  body. 
The  main  hauling  level  was  at  160  feet  and  the  upper  working  level  at 
120  feet  when  the  mine  was  in  operation. 

The  ore  body  has  a  general  strike  of  about  N.40°E.,  while  the  dip 
varies  from  65®  southeast  to  vertical.  At  a  few  places  northwester^ 
dips  are  foimd.  The  main  cross-cut  on  the  160-foot  level  runs  north- 
westward from  the  shaft,  cutting  through  the  hanging  wall  diabase  and 
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the  ore  body  into  the  foot-wall  rock  which  consists  of  a  mixture  of  iron- 
,  bearing  rock  and  ocherous  clay.  The  contact  between  the  ore  and  hang- 
ing wall  diabase  is  very  regular  in  strike  but  varies  in  dip  between  65^ 
and  85**  southeast.  The  ore  body  has  a  width  of  about  60  feet  where  the 
main  cross-cut  passes  through  it.  The  contact  between  the  ore  and  the 
foot-wall  rock  dips  about  65^  south. 

The  diabase  is  a  massive,  dark  green/  medium  fine-grained  rock  with 
distinct  ophitic  texture.  Most  of  it  is  hard  and  appears  to  be  fresh,  but 
some  of  it,  especially  that  near  the  contact  of  the  ore  is  soft  and  altered. 
The  altered  phase  still  retains  the  original  texture  to  a  large  extent,  but 
its  color  is  brownish  green  and  it  appears  to  consist  mainly  of  clay  and 
ocherous  hydrated  iron  oxide  with  perhaps  some  chlorite.  Even  some  of 
the  fresh  looking  rock  has  suffered  considerable  alteration  to  chlorite. 

The  ore  as  a  rule  is  finely  laminated  and  varies  in  color  from  yellow 
to  dark  brown  or  black.  Yellow  laminae  are  interlayered  with  dark 
brown  laminae,  the  latter  predominating,  while  in  places  thin  argillaceous 
reddish  or  greenish  layers  occur.  Much  of  the  ore  is  ocherous  and  has 
a  porous  texture,  but  much  of  it,  although  soft,  is  dense  and  compact. 
Layers  of  dark  brown  or  bluish  brown  hard  ore  are  interbedded  with 
the  soft  ore.  The  bedding  as  a  rule  dips  steeply  to  the  southeast,  but 
locally  northwesterly  dips  are  found.  The  contact  between  the  ore  and 
the  diabase  is  nearly  everywhere  sharp  and  distinct,  but  the  contact  with 
the  foot-wall  rocks  is  less  so. 

The  foot-wall  rock  at  the  Barrows  mine  is  largely  of  the  variety 
usually  termed  paint  rock  by  the  miners.  Paint  rock  includes  many 
kinds  of  soft,  argillaceous,  iron-stained  rocks  some  of  which  are  massive 
and  some  schistose.  The  paint  rock  at  the  Barrows  mine  is  similar  to  the 
massive  paint  rock  at  the  Wilcox  mine,  and  like  it  appears  to  be  the  de- 
composed phase  of  a  fine-grained  igneous  rock.  As  it  occurs  in  the 
ground  it  is  soft,  wet  and  clayey,  but  on  drying  it  hardens  and  becomes 
dense  and  compact.  It  is  fine-grained,  breaks  with  even  fracture,  and 
varies  in  color  from  grayish  green,  to  ocherous  yellow,  brown,  or  dark 
red,  depending  on  the  degree  of  oxidation  and  hydration.  The  first 
change  appears  to  be  one  of  oxidation  from  the  green  ferrous  form  to 
the  dark  red  ferric  form.  The  latter  then  becomes  hydrated  and  turns 
brown  and  yellow.  Most  of  the  rock  is  even  colored  throughout,  but 
some  shows  lamination  due  to  color  banding.  The  foot-wall  paint  rock 
occurs  as  a  layer  about  30  feet  thick  where  penetrated  by  the  main  cross- 
cut. Beyond  it  to  the  northwest  are  interbedded  iron-bearing  rock  and 
paint  rock.  The  layering  of  the  iron-bearing  beds  usually  dips  steeply 
to  the  southeast,  but  the  contacts  between  iron-bearing  rock  and  paint 
rock  are  more  irregular. 
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The  original  nature  of  the  paint  rock  is  diflicak  to  determine.  Its 
general  appearance  is  that  of  a  decomposed  igneoos  rock,  ]ret  it  is  not 
unlike  a  decomposed,  dense,  homogeneous  slate.  Its  general  parallelism 
in  layering  with  the  iron-bearing  rock  suggests  that  the  two  rocks  were 
laid  down  at  approximately  the  same  time.  However,  the  minor  irregu- 
larities along  the  contacts  indicate  that  there  was  not  continuous  AepoAr 
tion.  In  general  it  seems  more  probable  that  the  paint  rock  is  of  igneous 
origin,  representing  either  contenqxiraneous  volcanic  flows  or  later  in- 
trusive sheets. 
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